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Our New _ The office staff is rapidly getting accustomed to the head and 
Offices. foot room of our new quarters in the Public Service Building at 

60 Batterymarch Street. To find ourselves at work in a space 
nearly twice as great as that in which we have been operating with steadily 
increasing confusion for the past five years is a novel experience. To turn back 
to a spot upon which five minutes before we have laid a file of papers and not 
find something piled on top of it affects us as pleasantly as the recent improve- 
ments made in the kitchen of a New York club affected its members. By long 
standing etiquette this club is never identified in public print, but we may 
quote from its recent bulletin: 

Food can now be cooked in the kitchen by a chef without asbestos feet. He no longer 
has to stand on the stove. There is ample storage for our other egg, and the tripe which 
must be kept at all times for Don Marquis can now be housed in some other way than by 
hanging it on a line like a blanket. So vast are the ice boxes that it may be necessary to 
purchase a dog team for the use of the staff when they enter in search of steak. 

The steel publication files used in the old offices have been reconstructed 
and extended to fit the new space, and a liberal amount of new shelving added. 
The most radical improvement is the conference room, where we may now 
receive our callers without disturbing the entire office. 


* * * * * 


Aviation Fire Fire hazard is an important factor in the development of 
Hazards. aviation, as has been shown in the articles on this subject 
published in the last two issues of the QUARTERLY (July, 

1928, page 70; October, 1928, page 161). In the October issue a record was 
published of fires in planes and hangars, including 35 airplane fires in which 
54 lives were lost. Since the publication of the October QuARTERLY the fol- 
lowing airplane fires have been reported to the N.F.P.A. Department of 
Fire Record: 

October 18, 1928. Polk, Pa. Airmail plane, on New York-Cleveland route, was de- 
stroyed by fire and the pilot cremated. It is believed that the plane took fire in the air. 

November 2, 1928. Rantoul, Ill. Private plane crashed and burned. The pilot-owner 
was burned to death. 

November 14, 1928. Washington, D. C. Navy plane took fire in forced landing. Two 
occupants saved themselves by swimming ashore. 
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November 21, 1928. Bristol, Pa. Twenty-passenger monoplane took fire in front of its 
hangar from unknown cause just prior to a scheduled christening ceremony. Two em- 
ployees burned, but not seriously. Loss estimated at $75,000. 

November 25, 1928. Bristolville, Ohio. An airmail plane crashed during a snowstorm, 
and took fire. The pilot was killed and a quantity of mail was destroyed. 

December 1, 1928. Spur, Texas. Five men were burned to death when a tri-motored 
plane crashed and burned en route from San Antonio to Denver. 

December 2, 1928. Duncan, Okla. An army officer was burned to death and his 
mechanic suffered severe burns when their plane crashed and took fire as they were taking off. 

December 10, 1928. Hicksville, Long Island, N. Y. Student aviator, flying solo, 
crashed and was burned to death. Reports differ as to whether fire started while plane was 
in air or after the crash. 

December 13, 1928. Tiffin, Ohio. Plane struck high tension wires. Flames enveloped 
plane, but pilot and passenger escaped. 

December 16, 1928. Los Angeles, Calif. Two men were killed when a plane lost a 
wing in midair, fell, and burned. 

December 16, 1928. Bedford, Ohio. Plane hit high tension wires, took fire and fell to 
ground. The pilot escaped with severe burns; the other occupant of plane was burned 
to death. 

December 20, 1928. Huron, Ohio. An airmail plane on the Cleveland-Chicago night 
route was forced down in a snowstorm. The plane ignited after the crash and was de- 
stroyed. A part of the mail cargo was saved. The pilot was thrown clear of the plane and 
was killed but not burned., 

December 23, 1928. Chattanooga, Tenn. Six-passenger cabin plane, used on Atlanta- 
Chicago airmail route, crashed and took fire shortly after taking off. Four occupants were 
burned to death; one escaped. 

January 1, 1929. San Juan, Porto Rico. Gasoline vapor exploded immediately after 
refueling amphibian plane from service boat in harbor. Two men on board were blown 
overboard but swam back to the plane and put out fire with extinguishers. 

January 3, 1929. Boston, Mass. Plane ignited by welding torch used in repair opera- 
tion. Plane was destroyed, but was pushed out of hangar in time to prevent other damage. 


January 5, 1929. Stafford Springs, Conn. Air mail plane crashed and burned. Pilot 
was killed. ; 


The fires listed above, reported from various sources, are not intended as 
a complete list of the fires during this period. Judging from the experience in 
other N.F.P.A. fire records, it may be assumed that this list represents but a 
fraction of the fires which have actually occurred. The exact circumstances of 
any given plane fire may be difficult to determine, particularly where the 
occupants of the plane are killed and a quick burning fire destroys all physical 
evidence. While it is not in all cases clear whether fires occur while the plane 
is in the air or following a crash, the best opinion seems to be that the great 
majority of airplane fires occur following crashes. Here again it is not always 
possible to determine whether the fatalities have been due primarily to the 
crash or to the ensuing fire. It may be assumed, however, that occupants 
injured in a crash, perhaps pinioned under wreckage and unable to extricate 
themselves without assistance, might be saved if it were not for the fire which 
so frequently occurs immediately following a crash. 
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There have not been included in the above list any fires occurring in 
foreign countries, although the occasional reports which reach the Executive 
Office indicate that the aviation fire hazard is an acute problem in Europe as 
well as in America. A forced landing and fire in a German plane on the 
Cologne-Berlin route, where three men were burned to death on December 11, 
is an illustration. 

In addition to these accidents to planes and personnel, fires are also 
occurring on flying field property. The most important such fire reported since 
the last issue of the QUARTERLY occurred at the U. S. Army aviation field at 
Mineola, Long Island, New York, where the estimated property loss was 
$250,000. No planes were involved in this fire, the loss being buildings and 
equipment. Reports indicate an indirect loss from this fire which may have 
even more serious consequences than the direct property damage. This lies in 
the loss of records of experimental work which it is said will require two or 
three years to reproduce. 

The distressing frequency of airplane fires and the large number of 
fatalities recorded indicate the existence of a very serious problem which must 
be solved in order to remove what appears to be a material handicap to the 
development of aviation. Unless effective measures are taken to reduce the 
hazard, the number of fires and attendant fatalities may be expected to increase 
as the number of planes in service increases, with a resulting popular fear of 
airplane fires which would tend to retard the development of air transportation. 

Experience in other fields of the work of the N.F.P.A. has demonstrated 
that the great majority of fire losses may be avoided by the application of the 
measures of prevention and control which are detailed in the regulations and 
reports prepared by N.F.P.A. committees. There seems to be no reason why 
similar results may not be achieved in the field of aviation fire hazards. The 
organization of a committee on aviation fire hazards to function in a manner 
similar to that of other N.F.P.A. committees, is accordingly being taken up by 
the Executive Committee at its mid-winter meeting. 

* * * * * 

A Modern The organization of the Rhode Island Fire Chiefs’ Association 
Fire Chief. is interesting as further evidence of the recognition by the 

modern fire chief of the growing possibilities of his office and 
influence. Chief Frank Charlesworth of the Providence Fire Department in 
promoting this new organization registers a conception of his responsibilities 
greater even than the most commendable one of making his own department 
efficient. Chief Charlesworth has served as a director in both the New England 
Association of Fire Chiefs and the International Association of Fire Chiefs, 
and knows the value of association work. He has successfully interested the 
chiefs of Rhode Island in the local association. There are already over one 
hundred members, including practically every chief in the state. Chief 
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Charlesworth was logically elected its first president. The association has held 
a series of meetings and called in men prominent in fire prevention work to 
address them. It developed that many of the chiefs in Rhode Island were 
volunteer and that they had problems which were seriously hindering their 
efficiency as fire fighters. As a result of these meetings Chief Charlesworth has 
drawn up two bills which will be presented to the Rhode Island Legislature at 
the coming session, one of which relates to the providing of proper authority 
for fire companies and particularly giving the volunteer fire company the right 
to “enter any property and to do whatever may be reasonably necessary in the 
performance of their duties while engaged in the work of extinguishing any 
fire.” The other bill is in relation to the inspection of buildings to prevent 
fires, and is designed to give the volunteer fire companies the right to inspect 
all buildings for fire hazards and to order the removal of such hazards. The 
outlook for both of these bills is favorable. If they are adopted they will have 
a decided effect on the reduction of fire hazards and fire losses throughout the 
State of Rhode Island. Thus does the fire chief of Providence, the leading city 
of the state, extend his active influence throughout the commonwealth, bring- 
ing his fellow chiefs in touch with modern fire department methods and 
activities while determined to make his own department second to none in 
competence. Under his administration a fire prevention bureau has been 
organized in Providence. The work of this bureau has been markedly success- 
ful since its inception three years ago. Chief Charlesworth also has plans well 
under way for the establishment of a modern drill school and officers’ training 
school, and is now advocating the establishment of a municipal salvage corps 
for his city. 
* * * * * 

Soot Chimney fires, unfortunately prevalent during the winter 
Removal. months, sometimes occur without serious consequences’ where 

chimneys are properly constructed with substantial walls and 
suitable flue linings, and where roofs are of the fire-retardant type. Fires in old 
unlined chimneys, especially in houses with wooden shingle roofs, more often 
result in the burning of the building if not promptly extinguished. Under any 
conditions chimney fires are manifestly undesirable, and the standard recom- 
mendation of fire prevention authorities, enforced in some cities through 
municipal ordinances, is that all chimneys subject to soot be cleaned period- 
ically in order to prevent chimney fires. 

The old-fashioned chimney sweeps, or the more recently developed 
mechanical methods of accomplishing the same result, are generally recom- 
mended, but there are also so-called chemical methods of soot removal. The 
U. S. Bureau of Mines has conducted a series of tests at its Pittsburgh station 
to determine the efficiency of soot removal compounds. Pending the prepara- 
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tion of a report on this work, the U. S. Bureau of Mines has released the 
following preliminary statement: 

The conclusions from the tests are that a deposit on the soot obtained by throwing 
common salt, or mixture of common salt and zinc or some other salts lowers the tempera- 
ture at which the soot will ignite and also causes it to more readily disappear by slow 
combustion for a small range of temperature below that of ignition. It follows that the 
action is one of helping the soot to burn and the flue gas must have the necessary tempera- 
ture and contain sufficient oxygen that combustion can take place. Soot with deposits of 
such salts on it is more easily ignited by a spark, and burns more readily when so ignited. 

The tests with household ranges and heaters showed that the soot did not burn at any 
great distance along the flue or chimney with a normal fire, and it was necessary to force 
the fire or lengthen the flame to make it burn. 

Supplementary tests were made of heating equipment in residences. In some instances 
it was not possible to obtain a burning of the soot in the chimney; in others a vigorous 
burning was evidenced by the sparks emitted. No evidence was obtained in the limited 
number of tests made that the fire risk would be eliminated by the use of such salts. The 
possibility of a chimney catching fire would depend on chance conditions. All the evidence 
from the laboratory tests indicates that the burning would be more vigorous, and also it 
would be more easy to start when a salt was used. On the other hand, when using a salt 
there is a better chance of removing soot without starting a chimney fire, provided the 
cleanings are made frequently enough to avoid heavy accumulation of soot; also the lower 
heat required to start the treated soot burning does not require as vigorous a fire in the 
heater as it does when no treatment is used. 

In view of the Bureau of Mines statement that ‘‘no evidence was obtained 


in the limited number of tests made that the fire risk would be eliminated by 
the use of such salts,” it would appear safer to rely on mechanical means of 
soot removal. 


Life Publishing Co. 
Tue Cuter: Be careful where you throw that match, Ed. 
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U. S. Fire Loss Statistics for 1927. 


Compiled by National Board of Fire Underwriters. 


The United States fire loss for 1927 was $472,933,969, according to the 
final figures of the Actuarial Bureau of the National Board of Fire Under- 
writers to be published in the January issue of Safeguarding America Against 
Fire. This figure supersedes the original estimate of the 1927 loss made by the 
National Board earlier in the year and published in the July, 1928, 
QUARTERLY, page 30. 


American Fire Losses Compared, 1926-1927. 
Recorded Loss 
Causes 1926 1 


BERICHCS—SIIOEING og ook. coe cc cei cwsceederes $30,160,233 $29,345,929 
Defective Chimneys and Flues 23,111,618 19,523,904 
Stoves, Furnaces, Boilers and their Pipes 21,977,114 17,986,432 
Spontaneous Combustion 15,498,812 13,640,804 
Petroleum and Its Products 14,978,599 12,691,718 
Electricity 13,763,303 12,360,588 
Sparks on Roofs. 14,172,947 11,256,303 
Lightning 18,205,326 9,084,630 
Sparks from Machinery 8,324,071 5,812,466 
Hot Ashes and Coals 6,851,460 5,171,491 
Explosions 2,565,596 4,725,857 
Sparks from Combustion 6,343,519 4,121,148 
Open Lights. 3,142,172 3,578,701 
Miscellaneous Known Causes 4,191,737 3,408,359 
Gas, Natural and Artificial 2,827,353 3,100,828 
Incendiarism 2,202,492 2,403,615 
Ignition of Hot Grease, Tar, Wax, Asphalt, etc... 1,880,240 1,699,208 
Rubbish and Litter 1,809,136 1,035,454 
Fireworks, Firecrackers, etc 718,942 893,663 
Steam and Hot Water Pipes 395,640 184,931 
*Exposure (including Conflagrations) 54,074,554 45,082,747 
Unknown Cause 202,369,737 171,038,429 


$449,584,601 $378,347,175 
25% to Cover Unreported Losses 112,396,150 94,586,794 


$561,980,751 $472,933,969 





*Losses due spreading fires originating from various causes. 


The final figure for 1927 compares with the 1926 figure of $561,980,751 
and represents a decrease of $89,046,782, or approximately 15%. This reduc- 
tion in the fire waste shown by the final figures is even more than predicted in 
the January, 1928, QUARTERLY, pages 205 and 218, and may be accepted as 
conclusive evidence of the value of fire prevention efforts. The 1927 loss as 
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reported by the National Board is the smallest figure reported from this 
source in any year since 1920 and represents the first material drop in the fire 
waste curve, which has been mounting steadily for years. 

The tables herewith show the distribution of the loss for the years 1926 
and 1927 according to the several cause classifications and the distribution of 
losses by states. For convenience in reference, the annual losses reported by 
the National Board of Fire Underwriters are given by years from 1916 to 
1927, 1916 being the first year for which these figures are available. 


Comparison of U. S. Fire Losses, 1926-1927, by States. 


Recorded Loss Recorded Loss 
State 1926 1927 State 1926 1927 


Alabama $5,730,599 $6,470,182 $469,120 $281,317 
Arizona 949,044 900,536 New Hampshire 2,324,188 1,997,797 
Arkansas 7,978,139 4,710,283 New Jersey ... 17,360,657 17,450,048 
California .... 26,979,121 20,000,272 New Mexico .. 623,480 585,295 
Colorado 1,806,103 2,117,429 New York .... 58,476,246 48,559,113 
Connecticut ... 7,050,814 5,755,693 North Carolina 8,103,687 6,569,743 
Delaware 372,910 561,821 North Dakota. 2,192,854 1,914,089 
Dist. Columbia. 820,663 806,344 18,708,583 16,273,928 
Florida 7,441,962 7,602,780 Oklahoma .... 6,797,630 6,438,201 
Georgia 7,933,674 6,662,001 4,998 660 3,110,627 

1,205,262 942,426 Pennsylvania .. 32,414,776 26,632,697 
Illinois 32,553,614 27,940,545 Rhode Island.. 2,728,829 2,167,723 


10,337,148 8,920,949 South Carolina 5,783,275 4,259,478 
6.554.522 5,424,164 South Dakota. 1,981,859 1,473,522 


Tennessee .... 9,130,154 7,643,290 
18,814,893 17,401,085 
1,741,031 1,338,746 
A Vermont 871,538 872,021 
3,688,315 = 3,870,172 Virginia 8,938,525 5,145,424 
Maryland .... 6,239,398 3,785,401 Washington .. 7,026,407 6,913,294 
Massachusetts.. 24,260,563 19,887,677 West Virginia.. 6,760,945 5,484,186 
Michigan ..... 17,041,249 16,367,390 Wisconsin .... 8,314,020 7,052,535 
Minnesota .... 8,114,520 7,180,063 Wyoming .... 428,197 450,609 
Mississippi .... 6,369,083 5,332,890 tynited States. .$449,584,601 $378,347,175 
Missouri 12,782,081 11,143,069 25% for Unre- 
Montana 2,023,632 1,679,420 ported Losses 112,396,150 94,586,794 


Nebraska ..... 3,035,842 2,920,494 Total. . .$561,980,751 $472,933,969 


5,275,156 3,898,337 
Kentucky ..... 8,347,371 6,518,358 
Louisiana ..... 9,703 ,362 6,933,711 


Annual Fire Losses in the United States from 1916 to 1927 Inclusive. 
National Board of Fire Underwriters. 


$258,377,952 ( $506,541,001 
289,535,050 535,372,782 
353,878,876 549,062,124 
320,540,399 559,418,184 
447,886,677 561,980,751 
495,406,012 472,933,969 
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1928 Fire Losses—U. S. and Canada. 


Compiled by New York Journal of Commerce. 


Fire losses in the United States and Canada amounted to $301,267,560, 
according to figures compiled by the New York Journal of Commerce from 
their daily loss records. This represents a decrease of over $19,000,000 from the 
1927 total, which in turn showed a decrease of $73,000,000 from the previous 
year. The 1928 total, which shows a decrease of 6% from the previous year, 
is the lowest figure reported from this source since 1919. Following the prec- 
edent of previous years, the heaviest monthly losses are registered for the 
winter months of 1928, the summer months showing relatively lighter losses. 
‘June, 1928, with a loss of $11,123,000, showed the lowest loss in any month 
for many years. The losses by months are given below for the years 1924 to 
1928, inclusive. 

The Fall River fire in February, 1928, with a loss of over $6,000,000, 
was the only major conflagration of the year. During the twelve-month period 
there were twenty fires involving a loss of one million dollars or over, as com- 
pared with twenty-five million-dollar fires in the preceding year. 

The comparative statistics compiled by the Journal of Commerce are now 
available for a fifty-year period, as shown by the table on the next page. 

Following is a tabulation of the fire losses by months for the years 1924 
to 1928, inclusive. 


1924 1925 1926 1927 1928 
January ..... $41,243,600 $41,210,400 $41,118,750 $37,910,600 $43,260,800 
February .... 31,447,900 32,472,000 30,963,750 26,285,000 41,105,400 
BORON «65.5553.:s 28,406,150 33,346,500 42,854,600 26,807 ,600 30,377,000 
NR 555 onto 3s 31,815,900 37,696,800 52,408,400 39,720,600 25,980,600 
PON is ovo co sie ste 27,832,300 29,170,800 32,764,200 20,713,000 23,202,000 
PRB oc we scw's 20,350,400 23,650,800 28,676,000 25,481,200 11,123,000 
BM ins eats 23,968,860 29,622,000 31,723,400 24,248,600 17,106,400 
Te 31,349,000 23,348,750 27,833,400 24,299,800 17,723,600 
September ... 29,612,400 25,396,250 19,309,000 21,875,000 17,182,800 
October -....... 27,944,400 23,991,250 14,877,000 22,326,600 22,414,160 
November ... 39,081,600 30,320,000 26,724,400 18,992,200 20,087,800 
December .... 44,476,800 43,275,000 43,757,600 31,935,400 31,204,000 


ee 


Totals. ... $377,529,250 $373,500,550 $393,010,500 $320,595,600 $301,267,560 


The fire loss figures of the NV. Y. Journal of Commerce are based on estimates of fires 
involving loss of $10,000 or over, with a percentage added to cover small and unreported 
losses. These figures are not so accurate as, and are usually about a third smaller than, the 
statistics computed by the Actuarial Bureau of the National Board of Fire Underwriters 
which, because of the delays incident to compilation of complete records, are not published 
until later in the year. The Journal of Commerce figures are immediately available, and 
valuable for purposes of comparison.—Eb. 
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$10,261,472,405 Since 1879. 
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The fire losses of the past fifty years, as compiled from the Journal of 
Commerce records, reach the vast sum of $10,261,472,405, as shown by the 


following table. 


$301,267,560 
320,595,600 
393,010,500 
373,500,550 
377,529,250 
389,192,200 
410,889,350 
332,654,950 
330,856,625 
269,000,775 
317,014,385 
267,273,140 
231,442,995 
182,836,200 
235,591,350 
224,728,350 
225,320,900 
Total, 50 years 


Life Publishing Co. 


7 F 


$234,337,250 
234,470,650 
203,649,000 
238,562,250 


215,071,250 


459,710,000 
175,193,800 
252,554,050 
156,195,700 
149,260,850 
164,347,450 
163,362,250 
136,773,200 
119,650,500 
110,319,650 
115,655,500 
129,835,700 


THE Gay NINETIES. 


$128,246,400 
156,445,875 
151,516,000 
143,764,000 
108,803,700 
123,046,800 
110,885,600 
120,283,000 
104,924,700 
102,818,700 
110,108,600 
110,149,000 
84,505,000 
81,280,000 
74,643,400 
77,703,700 


$10,261,472,405 
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The Chicago Salvage Patrol School. 


The Chicago Salvage Patrol, which is under the direction of Chief Frank 
C. McAuliffe (Member N.F.P.A.), has developed, in connection with drills 
and training activities, a school for the training of the men, not only in the 
fundamentals of salvage work, but to give them a better appreciation of the 
technique of fire prevention as a whole. Chief McAuliffe believes that effi- 
ciency in salvage work demands more than the spreading of covers over stock, 
and this salvage company is therefore trained with this in view. The scope of 
the school is indicated by the following extract from the Rules and Regula- 
tions of the Patrol. 


The school shall be composed of the following classes: 
1. Officers’ School. 
2. Motor Operators’ School. 
3. Company School. 
4. Probationary Patrolmen’s School. 





1. Teaching men how to spread covers at the Chicago Salvage Patrol School. 
Packing boxes, miscellaneous furniture, tables, etc., are used to simulate actual 
conditions in stores, dwellings, etc., where the men may be called upon to work. 
They are taught the best methods of using covers to control the flow of water 
used in a building where there is a fire, so that the water damage may be kept at 
a minimum. This room can also be used as a regular classroom. 
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2. Shutting off a sprinkler head by the use of sprinkler tongs, a small instru- 
ment about the size of a pair of pliers which can be inserted in the head, thereby 
stopping the flow of water much more quickly than it could be done by the shut- 
ting off of the entire system, a practice which is itself inadvisable. The sprinkler 
heads shown are two on the wall of a compartment which is arranged so that a 
fire may be built in it to demonstrate the action of sprinklers. 


Courses of instruction shall be maintained in the following subjects: 


1. 


9° 


32. 
12. 
13. 


CHIAKRR WD 


Salvage work at fires. 

General fire fighting. 

Use of tools and appliances. 

Care of apparatus, tools and appliances. 
Covering roofs. 

Fire watch. 

Incendiarism. 

First aid to the injured. 

Private fire protection equipment. 

Fire alarm, telegraph, including auxiliary systems. 
Discipline and administration. 
Inspection of buildings. 

Gasoline motor engineering. 


For convenience in instructing the men a large room on the second floor 
of one of the new stations of the patrol has been equipped as a schoolroom, 
which room has many interesting features. In general the room is equipped as 
is any schoolroom with a blackboard, chairs, etc., and can be used as a class- 
room for ordinary work. The room can be cleared, however, and with the aid 
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8. Instruction in the use of sprinkler equipment at the Chicago Salvage 
Patrol School. This picture shows the window looking into the compartment 
designed for staging fires. Inside this window is a heavy copper screen which dis- 
tributes the heat developed evenly over the entire pane of glass, preventing its 
being cracked by the heat. 


of packing cases and miscellaneous furniture it can be arranged to simulate a 
| store occupancy with shelves, a dwelling, or any other ordinary type of 
occupancy in which the men of the patrol may have to work. The men are 
given instruction in the methods of opening doors with the least possible 
| damage, being taught the use of a special tool for this purpose. The proper 
use of other tools, such as squeegees, brooms, shovels, ladders, plaster hooks 
and axes is also taught. 
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4. The panel of fire alarm and supervisory devices at the Chicago Salvage 
Patrol. With this apparatus and the sprinkler equipment shown in the preceding 
pictures the progress of a fire from the time the sprinklers open can be followed 
through the operation of the supervisory and alarm systems. The operation of 
automatic fire alarms, fire detecting systems and watchmen’s supervisory equip- 
ment can also be demonstrated on this board. 


The work does not stop here, however. Typical systems of sprinkler 
piping have been installed, of both the wet and dry pipe types, so that the 
operation of these may be demonstrated. Perhaps the most unusual detail of 
this particular school is a specially designed compartment in which a fire may 
be built and its action on sprinkler heads demonstrated. This compartment is 
at the front of the room and is visible from the main classroom through a 
large glass window. It is possible, therefore, to demonstrate the entire action 
of a sprinkler system on a fire, showing how the heat rises and opens the head, 
and how the fire is extinguished. At the same time the operation of water flow 
alarms, dry pipe valves, etc., may be observed. The men are then taught to 
shut off the head temporarily with a tool something like a pair of pliers which 
can be inserted in the head and the flow of water temporarily stopped. The 
use of the sprinkler tongs at fires has proven very satisfactory, as they stop 
the flow of water much more quickly than it could be stopped by shutting off 
the whole system, which is frequently undesirable. Further initiation into the 
mechanical details of the operation of private and public fire alarms, super- 
visory systems, etc., is given, a panelboard containing most of the common 
types of fire alarm and supervisory apparatus being provided in the 
schoolroom. 
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The school also offers an opportunity to teach the men the importance of 
inspection work in connection with salvage operations. The men of the patrol 
are required to make inspections of buildings in which they are likely to be 
called upon to work, and special instruction in the school enables them to keep 
in mind just what to look for. They study the skidding of stock and the con- 
struction of cases and shelving, the piling of stock in such a manner as to 
permit quick and efficient covering, the marking of drains and catch basins in 
basements, and the keeping of these basements clear and unobstructed. 

The Chicago Salvage School might well serve as a model for cities which 
are contemplating the equipment of a schoolroom for fire department or 
salvage corps instruction. Practically all of the instruction given at this 
salvage school would be equally valuable for firemen and fire officers. 


Fire Prevention Week Results. 


By T. Alfred Fleming, 
Chairman, N.F.P.A. Committee on Fire Prevention and Clean-Up Campaign. 


A survey of the results of International Fire Prevention Week, October 
7-13, 1928, compiled on the basis of reports received from cities of the United 
States and Canada, shows most worth while results for this department of the 
Association’s activities sponsored by the Committee on Fire Prevention and 


Clean-Up Campaign. 

The effectiveness of the campaign for Fire Prevention Week is shown in 
the reports of two hundred and fifty-five cities. While the average weekly fire 
loss of these municipalities for the previous six months was $994,048, this loss 
was practically cut in two due to the concentrated inspection and educational 
program. For the week of September 30th (preparatory to Fire Prevention 
Week) the fire loss averaged $528,333, for Fire Prevention Week, October 7th 
to 13th, $533,973, and for the week following $570,080. Of these cities, 72 
reported no fire loss during the week beginning September 30th, 66 suffered no 
loss during Fire Prevention Week, and 72 escaped damage from burning 
throughout the following week. Cities reporting losses of $35 or less were 
as follows: 

Week of September 30th 
Fire Prevention Week 
Week following 

Merit judges were appointed to select the city in each State and Province 
having the most constructive program and making the most complete report 
of activities. They also compiled a list of the cities whose program stood 
highest in the United States. 

The judges appointed to review the reports of the different municipalities 
in the United States were Mr. Ralph Richman, editor of Fire Protection, 
Cincinnati, Ohio; Mr. A. S. Dickinson, Director of Conservation of the 
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Motion Picture Producers and Distributors of America, and Mr. Chas. Vilade, 
who substituted for Mr. Wm. B. White of the New York Board of Fire Under- 
writers. The chairman of the Merit Committee in Canada was Hon. George 
F. Lewis, Deputy Fire Marshal of Ontario. 

This merit competition is not to be confused with the all-year-round 
program of activities known as the Inter-Chamber Fire Waste Contest, con- 
ducted by the Chamber of Commerce of the United States, as the accomplish- 
ments of Fire Prevention Week are but one of the many parts of any program 
conducted by permanent fire prevention committees as contemplated by the 
Inter-Chamber Fire Waste Contest. 


The following are the merit awards: 


City Receiving 
State Winning City Honorabie Mention 


Alaska . 6 « «4 -»  “Eigieiizas Fairbanks 
MONE we ee 

Agkansas..... « .°. «»«. Eiderddo 

California are ee: 

Connecticut . . . . . Hartford 

Delaware. ... . . . Wilmington 

Witee .« « «se es es Cee Fort Lauderdale 
Georgia... . . . Waycross 

MnO... % « « + » BeGiy 

Illinois 1. (nell aie te: gt «fn 

Indiana . . . . + + Hammond Indianapolis 
Towa . . . 2 »« » « Fort Dodge Des Moines 
Kansas a Sn) 09. a gk 

Louisiana. . . . . . NewOrleans 

Maine. . .. . » » “+ Poptlana Lewiston 
Maryland. . . . . . Baltimore 

Massachusetts . . . . Springfield Fitchburg 
Michigan. . . . . . Fremont Albion 
Minnesota .. . . .. Faribault St. Paul 
Mississippi . . . . . Pass Christian 

Missouri... . . « KensasCity 

Nebraska . . . . . . Omaha 

New Jersey . . . . . Hoboken Burlington 
New Mexico . . . . . Carlsbad 

NewYork .. .. + Ute Watertown 
NorthCarolina . . . . Asheville 

North Dakota . . . . Bismarck 

Ohio . .. . .. . . Cincinnati, Lakewood—tied 

Oklahoma ea a amy 

Orestn 3 i 4 ase Postiand Marshfield 
Pennsylvania. . . . . Pittsburgh 

RhodeIsland. . . . . Providence 

South Carolina . . . . Charleston 

South Dakota . . . . Huron Pierre 
Tennessee. . - . . - Memphis 
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City Receiving 


State Winning City Honorable Mention 
ae eee Fort Worth and Wichita Falls 
ee 
Vermont Springfield 
Virginia Petersburg 
Washington Spokane, Bellingham—tied Colfax 
West Virginia Huntington 
Wisconsin . . «+ Milwaukee 
er 


Cities in the United States which were outstanding in their activities: 


Cincinnati, Ohio. Lakewood, Ohio. 


Dallas, Texas. Milwaukee, Wis. 
Fort Dodge, Iowa. Springfield, Mass. 
Hartford, Conn. Utica, N. Y. 


Fire Prevention Week Activities in Canada. 
The following results are taken from the Report of the Inter-City Com- 
petition regarding Fire Prevention Activities in the Dominion of Canada, 1928: 





Class “A” (Cities with population of 100,000 and over) 
Province of British Columbia Vancouver 

Province of Manitoba . Winnipeg 

Province of Ontario Ottawa Ist, Toronto 2nd 
Province of Quebec Quebec 

Class “B” (Cities with population of 25,000 to 99,000) 


Province of Alberta 

Province of British Columbia 
Province of New Brunswick 
Province of Nova Scotia 
Province of Ontario 

Province of Quebec 

Province of Saskatchewan 


Class “Cc” 
Province of Alberta 
Province of British Columbia 
Province of Manitoba . 
Province of Nova Scotia 
Province of Ontario 

Province of Quebec 

Province of Saskatchewan 


Calgary 

Victoria 

St. John 

Halifax 

Brantford 1st, Kitchener 2nd 

Hull ist, Outremont 2nd, Sherbrooke 3rd 
Saskatoon 


(Cities with population of less than 25,000) 


Lethbridge 

Prince Rupert 1st, Nanaimo 2nd 

Portage la Prairie 1st, St. Boniface 2nd, Brandon 3rd 
Glace Bay 1st, New Glasgow 2nd, Yarmouth 3rd 
Kenora ist, Brockville 2nd, Owen Sound 3rd 

St. Hyacinthe 1st, Riviére du Loup 2nd, La Tuque 3rd 
Prince Albert 1st, North Battleford 2nd, Weyburn 3rd 
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Madrid Theatre Fire, Sept. 22, 1928 


By Fire Chief Petersen, Diisseldorf, Germany. 

When on Monday, the 24th of September, 1928, the evening editions of the 
daily papers published in display letters the first news regarding the theatre 
catastrophe at Madrid, according to which several hundred persons (some 
papers said as many as 500) had died at the fire, and about 300 persons were 
reported to have been injured, more than 100 of them badly, I considered it 
indispensable, in view of the magnitude of the disaster, to determine the cause 
of the catastrophe right at the place where the accident had occurred. 

While I endeavored to ascertain the most convenient connection with 
Madrid, either by airplane or by rail, our chairman of the Society of German 
Fire Engineers, then on furlough, called me by telephone and required of me, 
as chairman of the theatre committee, to go as quickly as possible to Madrid 
in the common interest of the society, in order to make deductions from the 
events which had occurred and to secure all details also as concerns the expe- 
rience secured from the fire. 

Inasmuch as the Prussian Fire Brigades Council considers that the sug- 
gestions for improvement of a new set of rules for theatres as submitted three 
years ago by the Society of German Fire Engineers to the authorities to be 
also an affair of its own, I immediately telephoned Chief Fire Director Gempp 
at Berlin, at present president of the Prussian Fire Brigades Council, who also 
had just read the first reports of the occurrence in the evening papers. 

We agreed on a joint trip which was to be undertaken as quickly as pos- 
sible, met on the 28th of September at Cologne and reached Madrid on the 
29th of September at 11 p.m. The following Sunday, at 10 o’clock in the 
morning, we were already at the scene of the accident, guided there by the 
Madrid fire chief as well as by the authorities and representatives of the press. 

Our assumptions, exchanged in the course of the trip, that the reports of 
the various papers were incorrect, according to which the theatre had been an 
old wooden building, and also that the firemen had not appeared until 20 
minutes after having been called, were fully confirmed. Also, fortunately, the 
reports as to the large number of dead and injured proved to be exaggerated. 

The “Teatro de Novedades” is located in the oldest section of Madrid 
and adjoins a narrow street, called Calle de St. Ana, directly only by means of 
the back of the stage; this street is only seven meters (23 ft.) wide. 

For the rest, it is otherwise entirely surrounded by buildings. The main 
entrance is at the Calle de Toledo. From there, by means of a passage about 
23 meters (75 ft.) deep and 4.5 meters (15 ft.) wide, one reaches the entrance 


Translated from Feuerschutz, the monthly publication of the Society of German 
Fire Engineers. 
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Calle de la Velas 





Diagram of the Teatro de Novedades, showing inaccessible location in center 
of block. 


proper. In front of the southern longitudinal side of the theatre the passage 
widens in the direction of the Calle de St. Ana and at about the middle of the 
theatre it makes a right angle turn as a passage to the Calle de las Velas. 

The theatre was first built as a military barracks, later on reconstructed 
into a circus, and in 1857 it was established as a public theatre. From this 
time onward improvements for increasing the security were constantly made. 

The theatre must be considered mostly as a solid construction. Where it 
consisted of wooden framework filled with masonry, it was heavily plastered 
on both sides. The iron columns and beams were not protected in the audi- 
torium. The supporting columns of the stage section were heavily coated with 
reinforced cement. The stairs were wooden steps which were plastered below. 
The roof construction consisted of wood and was plastered on the lower side 
in the auditorium. 

The auditorium had a capacity of, in round figures, 2,400 people, and 
consisted of the orchestra and the three galleries, which extended around the 
entire auditorium as far as the walls where the stage section began. 

The exit conditions from the auditorium cannot be designated as unfavor- 
able. For the 660 orchestra seats, both on the longitudinal side as well as at 
the rear, there were numerous comfortable exits. For the frequenters of the 
galleries there were two staircases, each 1.6 meters (63 in.) in width, at the 
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corners of the wall opposite that of the stage wall. Of these, one of the stairs 
led to the foyer, located outside of the auditorium, with a direct exit to the 
open air, while the second stairway opened into the lower story of the audi- 
torium. Moreover, there was a narrow connecting stairway between the lower 
story and the first gallery at the north side. Moreover, as far as can be ascer- 
tained, the width of the doors in the passages was sufficient. 

The southern side of the lower story had promenades 44 meters (15 ft.) 
wide, whose doors and windows opened direct upon the passage leading past 
the same. 

The stage section was separated from the auditorium by a solid wall in 
which, however, there were several openings closed by only wooden doors. The 
stage had an entire width of about 20 meters (65 ft.), and a depth of about 
16 meters (52 ft.). 

There was an iron curtain. This was not constructed solidly, as is done 
here, but consisted of an iron frame with a wire netting. Between the store- 
room for the side scenes and the auditorium there were located, laterally from 
the stage, the dressing rooms for the actors in several stories. 

A special stairway to the actors’ dressing rooms, which at the same time 
led to the various rigging lofts, was open in the northwestern corner of the 
stage. Also the bin for the coal supply and the heating room for the central 
heating installation were located in the stage section. At the time of the fire 
the theatre was not heated. The illumination was electrical. But the only 
switching board for the entire theatre was located on the stage. As an 
emergency illumination there were small red bulbs provided above the exits, 
but without any special current source. 

Ventilation existed only in the ceiling of the auditorium above the chan- 
delier. There was no such ventilation in the stage section. 

The decorations in the stage section are declared to have been impreg- 
nated according to the legal provisions. The stage and the storeroom were full 
of decorations on the day of the fire. 

For fire protection there was a spraying device for the curtain provided 
on the inside of the stage section, which, according to statements received, had 
two supplies. This could only be actuated from the stage, like the curtain. 

There were two wall hydrants with hose to the right and left on the stage. 
A few small hand extinguishers completed the protection on the stage. In the 
auditorium there were only a few extinguishers distributed. 

The Madrid water supply system is under a pressure of at times up to 
15 atmospheres (220 lbs. per sq. in.), in comparatively limited pipe cross 
sections. As for hydrants, there are only flush hydrants at distances of about 
40 meters (130 ft.). 

Fire alarm apparatus existed neither in the theatre nor anywhere else in 
Madrid. A communication could be sent only by the telephone, which was 


on the stage. 
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In general, for theatres of the size of the Novedades, two men of the pro- 
fessional fire department are appointed as safety watchmen, whose station 
during the performance is to the right and left of the first wing passage. One 
of their main tasks is to tend the iron curtain, the curtain spray, and the 
fire apparatus. 

There are general theatre regulations for protection against fire, just as 
in Germany. In fact they are in part even more severe than with us. Their 
application, however, meets great difficulties, particularly in private theatres. 
Owing to this, this theatre was to have been closed in 1925 unless the im- 
provements were made. 


Story of the Fire. 
The occurrence which on Sunday, the 22nd of September, led to the 


terrific catastrophe, was as follows: 

An afternoon performance was scheduled for 7 o’clock (the evening 
performance starts at 11 p.m.) which had not been reported to the police. 
Hence the fire department was not advised as to the function and did not 
furnish any safety watchmen. 

Just as here, the matinées are visited particularly by women and chil- 
dren. At the time of the performance there were 600 persons in the theatre. 
The two-act operetta and fairy show, “La Mejor del Puerto,” was given. On 
the stage the artists and theatre staff amounted to about 150 to 200 people. 
The orchestra consisted of about 30 musicians. 

In the second scene of the second act there is a ballet performance which 
is staged on a ship lighted by Chinese lanterns. In this connection a Chinese 
lantern was set afire, as is claimed, by a short-circuit, and caused the burning 
of the adjoining Chinese lanterns and of the wings. 

While the artists continued their play the stage director called to the 
workmen: ‘“Tirar” (lower away! let down!). Instead of that the workmen 
pulled the Chinese lanterns upwards, as ‘“‘Tirar” also signifies “Pull up!” and 
therefore the curtains and soffits caught fire rapidly. The stage director 
wanted to let the iron curtain down, a matter which he was however unable to 
do because of some trouble. In lieu of that, and with a view to screening the 
fire from the public, the stage director let down a light advertising curtain. 
The bandmaster, who had observed the commencement of the fire, continued 
to conduct the orchestra. 

After the letting down of the advertising curtain the actors and the per- 
sonnel left in full flight towards the back of the stage. All except three were 
able to’ save themselves. One of them was the prompter and the others 
were workmen. 

Until then the public had not fully realized the occurrence on the stage. 
They remained quietly in their seats. Only when by the severe drafts of the 
open doors and windows, used by the stage hands in their flight, the light 
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Wide World. 
Ruins of the Teatro de Novedades, Madrid, after the fire of September 22, 
1928, when 68 persons were killed. 


curtain was raised high into the auditorium did the public suddenly see the 
stage, which was burning in all its parts. 

The lights and the emergency illumination went out and only the sheet 
of flames on the stage illuminated the auditorium. In spite of the terrific 
appearance the public kept quiet and flowed towards the exits. The orchestra 
patrons reached the open air safely with the exception of a few, although the 
majority did not run to the nearest doors but went to the one main entrance 
which was mostly used. This was also done by the gallery patrons, who for 
the most part rushed towards the one staircase which does not open into the 
outer air but into the orchestra section. Owing to this, of course, a terrific 
stoppage and a complete jam took place at the exit located at this staircase. 
The fire then extended over the entire auditorium and filled it with flames 
and heavy smoke. Dressing rooms, galleries and the roof caught fire. Because 
of the jam on the gallery stairway (it is called today “la escalera de la 
muerte,” the stairs of death) some of the patrons of the gallery jumped into 
the orchestra. On the death stairs there were found 48 dead, most of them by 
asphyxiation. In all 68 deaths were counted. Of the 200 injured 60 were 
badly hurt. 

If the patrons had distributed themselves without allowing themselves 
to be overcome by the panic when leaving over the exits and stairs ayailable, 
an evacuation of the theatre without danger would have been possible in spite 
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of the rapid development of the fire and in spite of the existing lack of safety 
measures and means of exit. 

This is also particularly shown by the fact that after the arrival of the 
fire department the latter went eight times over the staircase, which, with the 
stairs of death, is located on the same back wall and leads into the open air, 
saving 28 lives. 

It has been learned that these.stairs were used only in the first moments 
by a number of gallery patrons, but later on not at all. Thus a patron of one 
of the boxes, who was in the bathroom or water closet of the stair landing of 
the second upper story, was unable to leave the same on account of the heavy 
flow of human being on the steps, which made impossible the opening of the 
door which opens on the stairs. He lit a cigarette, waited and was able later 
on to go down the staircase, which was devoid of all human beings, while all 
pushed towards the other stairway, the “Stairs of Death,” on which the 
corpses were already accumulating. 

The main fire station was advised seven times by telephone of the fire 
which had begun, and appeared on the scene with the first vehicle three 
minutes after the first alarm. The remaining four stations arrived shortly in 
full equipment. They had great difficulty in getting along the narrow street, 
which is only seven meters wide (23 ft.), because the fleeing patrons of the 
theatre and the inhabitants of the houses on the street had crowded the 
street so. 

The first attack on the fire was effected through the main entrance over 
the stairs of the boxes described above and used but little by the public as a 
means of exit. During the first rescue work the roof and the balconies col- 
lapsed, burying the last persons who were trying to save themselves. On the 
whole the fire department acted very skillfully and wisely and did everything 
that was possible. After the collapse all the buildings around the theatre 
(framework with a great deal of wooden construction in the roof) were caught 
by the fire so that a very essential danger was caused for the entire quarter. 

In all the fire department employed, from five motor-driven fire engines, 
tanks and hydrants, 25 nozzles; 2,336 meters (7,650 ft.) of 45 mm. (14 in.) 
and 1,260 meters (4,125 ft.) of 70 mm. (23 in.) hose was used. 

The work of clearing up was not finished when we visited. Of late two 
more corpses were found, while in the hospitals two more injured died. 

The actors and the orchestra continued their play a few days after the 
fire in the “Teatro Chueca,” which was built five years ago as a moving 
picture theatre. We therefore had an opportunity on the 30th of September, 
in the evening, after 11 o’clock p.m., of being present at the performance and 
of observing the scene in the course of which the accident occurred. The 
theatre was crowded with humanity up to the last scene. I counted 1,700 
persons, including children down to four years. 
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The disaster reminds one extraordinarily of the catastrophe in the 
Iroquois Theatre in Chicago in 1903, where 571 died, and the moving picture 
house at Montreal in 1927, where 78 people died. Both here and in Chicago 
it was a matinée which had not been reported to the police. In both cases 
there was no safety watch present in consequence thereof. 

Here, as in Montreal, the public, in consequence of the panic, congre-— 
gated at one single exit, respectively at one single stairway. 

In all these cases there was not a sufficient number of tenders for the 
safety devices and not enough trained inspection personnel at the exits. 

In the “Teatro de Novedades,” according to our German ideas, the safety 
devices, particularly for the stage section, were by no means sufficient. Also 
the illumination and ventilation equipment was insufficient. The same things 
apply as to the marking of the exits. The fire alarm apparatus was 
entirely lacking. 

And yet, in spite of these defects, the great catastrophe would not have 
taken place if the panic had not been started at the last moment and if the 
visitors of the balconies had not all streamed to one stair, but had used all the 
stairs and exits, particularly the ones located in their immediate neighborhood. 

The disaster in the auditorium took place after the advertising curtain 
had been driven up towards the auditorium, in a very short time. It must be 
observed in this connection that normally this theatre could be entirely 
evacuated in from five to eight minutes, because the visitors do not collect at 
the check rooms, as is the case with us. 

Comparing the conditions in the “Teatro de Novedades,” which has 
existed since 1857, with our German theatres, it appears that we have in 
Germany a large number of theatres which are just as old and whose exit 
conditions are not more favorable than those of the theatre where the acci- 
dent occurred. 

The catastrophe in Madrid calls for a thorough retesting of the existing 
safety devices in all old theatres located unfavorably, by the authorities and 
officials, in strict application of the police rules, a constant checking prior to 
each performance, no performance without safety watch, instruction and 
checking of all inspecting persons in the auditorium and stage sections. 

Above all it is necessary that, particularly in theatres with unfavorable 
exit conditions, every patron, whether by printing on his ticket or on the 
program or even on his seat, is reminded that he should use the exit nearest 
him even when the theatre is evacuated under normal conditions. 

Only by such an education of the public and of the doorkeepers can the 
consequences of a panic be avoided or at least considerably lessened in any 
serious emergency case. 











CLASSIFICATION OF THE HAZARDS OF LIQUIDS. 


Classification of the Hazards of Liquids. 


By A. H. Nuckolls, Chemical Engineer, 
Underwriters’ Laboratories (Member N.F.P.A.). 

Section II of the Underwriters’ Laboratories’ List of Inspected Gas, Oil, 
and Miscellaneous Appliances includes a large number of liquids of various 
trade names classified as to fire hazard only. These liquids are listed under 
several different headings, according to their various commercial uses, includ- 
ing cleaning fluids, floor oils, insecticides, refrigerants, solvents, thinners for 
paint and varnish, and waterproofing material. Our testing and listing of 
liquids are primarily for the purpose of providing fire insurance organizations 
and inspection authorities with a definite classification of the relative fire 
hazard of these products as described below. 

Although many flammable liquids differ widely from each other both in 
respect to fire hazard and chemical composition, they have certain chemical 
and physical properties in common which constitute their fire hazard. These 
common properties differ in a degree corresponding closely to the fire hazard 
of the liquid. A method has been worked out on this basis whereby it is pos- 
sible to measure and correlate the most important hazardous properties in 
terms of our knowledge of a number of well-known liquids, such as gasoline, 
kerosene, and paraffin oil, the hazards of which have been well established by 
field experience. The method embraces a general classification as well as a 
numerical scale of hazard ranging from 0 to 100 plus, as follows: 


General Classification Numerical Scale 
PRN big id is erase Pae aia Viale ua RAS Adee Aenea 100-110 
SME ANAIMNII 5. hes 15 oar ot x ard wh ie Sele eee lia ee he eae WEES 90-100 
NE oo 5 oye 555) Pia acase scare: hed. sina LEO oe Sol ER IEA Pb 30- 40 - 
PII Si suis aca Et ie MRD SON AS Daa Rn Role 10- 20 


In our List a liquid is classed in respect to fire hazard with some well- 
known product such as kerosene or paraffin oil, and given a corresponding 
numerical value. 

Work on this method of classification of the hazards of liquids was begun 
in the year 1908 by the author. Acknowledgment is due the late W. H. Merrill 
for valuable assistance. Constructive criticism has been received from mem- 
bers of the Laboratories’ staff, and from a number of underwriters. Acknowl- 
edgment is also due Messrs. Tibbals and Matson, Dr. Doubt, and Mr. Maitre 
of our Chemical staff for helpful suggestions in the preparation of this article. 

The method has been applied to liquids listed by the Laboratories for the 
past 16 years, during which period considerable progress has been made in 
standardizing the test work and simplifying the procedure. 

FP ether is vated 100, 


*A standard kerosene 100° F. (Closed Cup) is rated 40. 
**A paraffin oil of 440° F. flash (Closed Cup) is rated 10. 
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Following is: first, a description of the important hazardous properties of 
flammable liquids; second, a study of the relationship of these properties to 
the fire hazard as determined by our method of classification, together with a 
tabulation of test data covering a large number of flammable liquids; third, the 
procedure a manufacturer is requested to follow who desires to secure a classi- 
fication and listing of a proprietary liquid by the Laboratories. 


Hazardous Properties. 


The hazardous properties common to most flammable liquids, which can 
be determined and measured by laboratory tests, include: volatility, ignition 
temperature, flammable or explosive limits, combustion intensity (combus- 
tibility), vapor density, toxicity, and nature of products of combustion. In 
addition, it is necessary to determine whether or not a liquid is chemically 
stable, that is, whether there is any inherent tendency to ignite spontaneously 
or to undergo decomposition under conditions of use and storage, resulting in 
the formation of a more hazardous product. The reactions of the liquid with 
water and other common substances (hazards by combination) are also studied. 


Volatility. 

By volatility is here meant the tendency* of a liquid to assume the vapor 
state; that is, evaporate. This tendency known as the vapor pressure is pos- 
sessed in very different degrees by various liquids. Gasoline in an open vessel 
evaporates much more rapidly than kerosene. Paraffin oil on the other hand 
evaporates very slowly at the ordinary temperature. 

The volatility of flammable liquids is of very great importance from a fire 
prevention standpoint, inasmuch as the combustion attributed to flammable 
liquids is in nearly all cases a chemical reaction between the vapor of the liquid 
and the oxygen of the air. It will be noted in this connection that the tem- 
perature at which a liquid passes freely into vapor is in most cases much below 
the temperature necessary to cause combustion. 

For all liquids the volatility increases with rise of temperature. For any 
liquid there corresponds a temperature at atmospheric pressure below which 
the liquid will not pass into vapor in dangerous quantity, and consequently 
this temperature becomes a dividing line above which a flammable or explosive 
mixture may be formed with the surrounding air by the vapor from the liquid. 
It is of primary importance, therefore, in classifying the hazards of a liquid to 
determine this temperature. 

When a liquid is heated in a closed space such as a cylinder, the pressure 
within the space rises. As the pressure corresponding to a given temperature 
will depend upon the volatility of the liquid, it is necessary to have a measure 


*Note—It is recognized that under normal conditions where the vapor of the liquid is 
admixed with air the vapor pressure is somewhat different from that in the isolated liquid- 
vapor, and that the evaporation of a liquid is influenced by other factors than the vapor 
pressure. Nevertheless the tendency to assume the vapor state is indicated sufficiently accu- 
rately for our purpose by the vapor pressure test. 
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of its vapor pressure in determining the type of container required for its safe 
use and storage. 

For the foregoing reasons it is our practice in classifying the hazards of a 
liquid to determine its volatility with reference to both temperature and pres- 
sure in order first, to establish the dividing line with reference to the ordinary 
temperature above which the liquid will give off flammable vapor in dangerous 
quantity, and second, to ascertain its vapor pressure at 20° C. (68° F.) and at 
other temperatures when necessary. 

There are several laboratory test methods available for measuring the 
volatility of liquids in respect to temperature, and in terms of pressure. 

The flash point test* (Closed Cup) is employed when possible in the case 
of liquids of both high and low volatility to obtain data primarily with refer- 
ence to the approximate temperature at which vapor is given off by a liquid in 
sufficient quantity to form flammable mixtures with the surrounding air. The 
flash point test,** however, cannot in all cases be depended upon in this respect. 
The flash point is influenced materially by the type of apparatus, and the test 
procedure employed. Even when a standard form of apparatus is used, the 
presence of certain volatile ingredients in the liquid such as carbon tetra- 
chloride may not only raise the flash point above its true value, but may mask 
it. It is our practice to supplement the flash test with other volatility tests as 
well as with flame propagation tests in an explosion chamber of appropriate 
dimensions. 

In the case of the more volatile liquids of the class that can be converted 
into vapor by heat without decomposition, a static method using Hoffmann’s 
well-known vapor density apparatus is employed to determine the vapor 
pressure. 

A fractional evaporation or distillation test is also sometimes necessary in 
order to differentiate between fractions of a mixture containing ingredients of 
different hazard and volatility. In the case of oils of low volatility, a simple 
evaporation test in an oven will usually give the required test data. 

Ignition Temperature. 

If vapor is given off by a liquid in sufficient quantity to form a flam- 
mable mixture with the surrounding air, it is important to determine its 
apparent ignition temperature. By apparent ignition temperature, as will be 
more fully explained later, is here meant the lowest temperature to which any 
part of a vapor or gas-air mixture must be raised by the application of heat to 
produce combustion that will propagate itself. 

The external source of heat necessary to ignite the vapor may be in the 
form of a flame, spark, or hot surface. As the temperature of flames and sparks is 
" *Note—The Flash Point Method and apparatus specified in the Standards of the 
American Society for Testing Materials are used, except in the case of liquids flashing at 
temperatures below zero F. (—18.3° C.) when a special form of apparatus is employed. 


**Note—The flash test has been advocated as a complete measure of the’ fire hazard of 
a liquid. Other limitations of the flash point test are referred to later on in this article. 
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considerably above the ignition temperature of flammable vapors, it is common 
knowledge that a fire may be caused by them if exposed to flame or sparks. It 
is important to also note in this connection that the temperature of ignition of 
a large number of vapors is below a red heat. In the case of some vapors a 
moderately hot surface may cause ignition. 

In a vessel ignition of a vapor in air may be obtained at a lower tempera- 
ture than when a heated surface in the form of a wire or bar is employed. 
Inside of a vessel the area of contact between the vapor and hot surface is 
comparatively large, and the vapor may undergo oxidation or partial combus- 
tion with the evolution of heat, as a result of which the reaction may become 
self-heating (autogenous) during a short period of time (termed the lag) pre- 
ceding ultimate ignition. Under certain conditions, particularly in a vessel, the 
heat evolved by the reaction itself during “the lag” or pre-ignition period may 
raise the temperature of the mixture above that of the external source of heat. 
When exposed to a hot surface in the form of a wire or bar, motion of the 
vapor is produced by convection currents caused by the heat with the con- 
sequence that the duration of contact of any layer of the vapor with the sur- 
face of the wire or bar is very short, and under these conditions, the vapor may 
not be heated to ignition unless the temperature of the wire or bar is very high. 

There are a number of other factors such as the catalytic and other action 
of the surface of the source of heat, surface combustion, and initial pressure 
which influence the ignition temperature, but it is not within the scope of this 
article to attempt to cover fully the various phases of ignition. The object of 
our method of test* is to determine the lowest temperature likely to cause 
ignition of a combustible vapor or other substance in air under conditions that 
may be met with in service. This temperature as determined by our method, 
and which for the past sixteen years we have termed the “apparent ignition 
temperature,” is often lower than the actual temperature of the vapor at igni- 
tion, but is of more importance from the fire prevention viewpoint than any 
theoretical value. The “apparent ignition temperature” is of great value for 
comparative purposes, and in indicating dangerous temperature limits of ex- 
posure, particularly in industrial operations. 


Flammable Limits. 


In the case of most flammable} liquids there is a minimum concentration 
of vapor in air (oxygen) below which propagation of flames does not occur on 
contact with a source of ignition. There is also a maximum proportion of 
vapor in air beyond which combustion does not occur. In other words, there 


*Note—This method has been tentatively adopted by the American Society for Testing 
Materials. For description see report of Committee D-2 on Petroleum Products in Proceed- 
ings of the thirty-first annual meeting of this Society. 

+Note—Most combustible substances do not burn or explode when heated to their 
ignition temperature except in the presence of air (oxygen). There are, however, some sub- 
stances which under certain conditions decompose with the production of heat and light 
without the presence of air (oxygen). This class is referred to later in the discussion on 
chemical stability. 
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is a minimum concentration not only of vapor, but of air necessary for the 
propagation of flame. These minimum and maximum concentrations of vapor 
in air which if ignited will propagate flame are known as the lower and higher 
flammable or explosive limits, and are usually expressed in terms of percentage 
of vapor in air by volume. These limits differ to a marked degree in the case 
of different liquids. Between the lower and higher limits there is a concentra- 
tion that will produce the most intense combustion or explosion of which the 
vapor is capable. Readers who have attempted to adjust the carburetors on 
automobiles will appreciate that there is a lower and higher limit to the ratio 
of vapor to air which can be ignited by the spark plug, and that an adjustment, 
giving a mixture which is neither too thin nor too rich in vapor of gasoline, is 
necessary to obtain the maximum explosive power. 

The difference between the low and high flammable or explosive limits of 
a vapor is known as the flammable or explosive range. For example, the lower 
flammable limit of gasoline is approximately 1.4 (per cent of vapor in air by 
volume) while the higher or upper limit is about 6, and by difference the flam- 
mable or explosive range is 4.6. 

It will be noted that no attempt has been made to differentiate between 
the terms flammable and explosive as applied to the lower and upper limits. 
In the case of most vapors and gases there is no basis for a sharp distinction 
between flammable limits and explosive limits as one is in general disposed to 
imagine. The propagation of flame in commonly known vapor of gas-air mix- 
tures is relatively slow in the initial stages. Where the mixture is only partially 
confined a slow and “uniform speed” of propagation first occurs over a limited 
distance from the point of ignition. This initial phase of flame propagation 
which may be regarded as progressive combustion may be followed under 
certain conditions by a marked acceleration of speed together with an undu- 
latory movement, which may result in vibrations. This is the phase of flame 
propagation commonly recognized as an explosion. There is a third phase in 
the propagation of flame termed the detonation wave, or simply, detonation* 
which in the case of many vapors and gases may be set up, depending upon 
the conditions. Any of these phases of flame propagation under conditions of 
confinement will produce a pressure rise. The ultimate result will depend upon 
the nature of the vapor, particularly its “combustion intensity,” and the condi- 
tions, such as the proportions of vapor in air, the dimensions and strength of 
the container. 

The relation of the explosion pressure (static) to the percentage of gaso- 
line vapor in air is shown in the curve** Fig. 1. 


*Note—It is not within the scope of this article to fully present the different phases of 
flame propagation that have a bearing on the fire and explosion hazard. 
**Note—The upper limit of gasoline vapor is not covered by this curve. 
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The curves showing the relation of explosion pressure to ratio of vapor to 
air in the case of other common liquids are of the general form shown, although 
the flammable limits vary considerably, as shown in Table I (next page). 

When a flammable liquid is exposed to the surrounding air, the lower 
limit determines the minimum amount of vapor necessary to produce a unit 
volume of flammable mixture. Evidently, then, the lower the low limit the 
more hazardous is the vapor or gas, other factors being assumed to be equal. 

The upper limit and the flammable range also have a bearing on the fire 
hazard. It has been shown by experience that a relatively narrow flammable 
range, if in conjunction with a comparatively low lower limit, may constitute a 
marked fire hazard, as in the case of gasoline, although in general the wider 
the flammable range the greater the hazard in this respect. 
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Table I. 
Lower Limit Upper Limit 
by Volume by Volume Range 
MMNONNND read eo vets soot: 1.4 6 4.6 
CRNEE RUMI 55 op ohh a acces vee 1.9 22 20.1 
{Carbon Disulphide.............. 1.0 50 49.0 
UNE sofa pay roa) kos eas pees 1.5 8 6.6 
GS a area 3.58 19n 15.5 
{Carbon Monoxide.............. 12.5 74 69.9 
vIlluminating Gas,.............+- 5to7 21 to 31 14 to 26 
aAmmonia (NHs).............+. 16 25 9 
aHydrocyanic Acid............... 5.6 40 38.4 
c—Coward, Carpenter, and Paymen. a—Nuckolls, Matson, and W. T. Wright. 
n—Nuckolls, W. K. Munn. s—Selected from literature on subject. 
1—International Critical Tables. v—Composition varies to some extent. 


+—Coward and Jones, Bureau of Mines. Bul. 279. 


It may be well at this stage to point out in advance that although the 
hazard of a liquid is determined by its properties, any particular phase of 
hazard is not directly proportional to the corresponding hazardous property; 
in other words, the individual hazards of a liquid are not straight-line func- 
tions of the corresponding hazardous properties, as will be explained later 
under the second section of this paper on the relationship of the hazardous 
properties to the fire hazard as determined by our method of classification. 

The flammable limits are influenced by the initial temperature, the dimen- 
sions of the container, and the pressure. It has been shown* that the lower 
limits are reduced somewhat in certain cases by turbulence. 

Theoretically, the lower limit will be decreased and the upper limit 
increased, and therefore the flammable range widened by rise of the initial 
temperature. It appears from available experimental data that this is in gen- 
eral true. Tests™ at the Laboratories show that: the lower limit of gasoline is 
approximately 1.1 at 100° C. (212° F.). 

A narrowing of the range is caused by a reduction in pressure below 
atmospheric. In tests** at the Laboratories with gasoline using electric dis- 
charge as a source of ignition at 200 mm. of mercury (absolute) pressure 
(22 in. vacuum) the lower and upper limits have been found to be approxi- 
mately 1.5:and 2.6. Pressures above atmospheric; do not appear to have much 
influence on the limits of flammability. 

The normal variations of atmospheric pressure and temperature have 
practically no influence on the limits of flammability. 


*Note—Coward and Jones, Bureau of Mines Builetin 279. 


mNote—A. F. Matson and D. T. Wright. 

**Note—D. T. Wright, A. F. Matson, and the writer. Propagation of flame was 
observed at pressures as low as 50 mm. of mercury (absolute) using a hot wire as a source 
of ignition. 

{Note—Tests by the writer (Rpt. Underwriters’ Laboratories, 1920) on limits of mix- 
tures of hydrogen and oxygen indicated that the lower limit of hydrogen in oxygen was not 
materially changed by increase of pressure to 122 atms. 
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The dimensions of the vessel, particularly its diameter when within 
certain limits, influence the flammable limits, and it is therefore our practice 


to conduct such tests in vessels of different dimensions. 


Combustion Intensity. 

Having determined the volatility of a liquid, the ignition temperature of 
its vapor, and its flammable limits, together with the concentration of vapor in 
air which will give the most intense combustion of which the vapor is capable, 
the next important step is to obtain data on the intensity of combustion of the 
vapor as compared with that of vapors of other flammable liquids, particularly 
those of well-known liquids, the hazards of which have been established 
by experience. 

The combustion intensity of a liquid depends upon a number of factors, 
including its heat of combustion, heat of vaporization, and how fast the chem- 
ical action (combustion) goes. 

It is a matter of common knowledge that the chemical reaction known as 
combustion is attended by the evolution of heat. The amount of heat develop- 
ment accompanying the combustion of unit mass of a given substance is 
known as its heat of combustion. The heat of combustion is susceptible of 
measurement, and is recorded in terms of a unit quantity known as the (gram) 
calorie, which is the amount of heat required to raise the temperature of one 
gram of water one degree* Centigrade. In place of the gram calorie the B. T. 
U., which is the amount of heat required to raise one pound of water one 
degree Fahrenheit, is often used. 

The heat of combustion of a given substance is always the same, if the 
conditions of the chemical reaction are the same, regardless of whether the 
combustion takes place slowly or rapidly or occurs in air or in pure oxygen. 
The difference in the temperature effect between slow and rapid combustion 
of substances is primarily in the length of time during which the heat of com- 
bustion is evolved. In both slow and rapid combustion heat is rejected to 
external systems, but in slow combustion the heat exchange with external 
systems by thermal conduction, convection, and radiation results in a wider 
distribution of the heat units, and consequently in spite of differences in heats 
of combustion of ordinary combustibles, the temperature effect is less than in 
the case of rapid combustion. In the absence of other factors capable of ar’ 
ing the result, we may regard the temperature as depending upon the number | 
of calories evolved in unit time. 

It is a fact that the intensity of combustion frequently goes hand in hand 
with heat of combustion; nevertheless, the heat of combustion of a substance is 
not a measure of its chemical affinity, its rate of reaction, or the readiness with 
which its combustion takes place. 





*Note—More accurately from 15.5 to 16.5° C. The larger calorie, known as the Kilo- 
gram Calorie, is equal to 1000 small calories. 
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In Table II following, data on the heat of combustion of a number of 
well-known gases and vapors are given. 

From the Law of Avogadro, we know that the volumes occupied by the 
molecular weights of all gases under like conditions of temperature and pres- 
sure are the same. Hence, the heat of combustion expressed in terms of gram 
molecules gives the heat of combustion of equal volumes of different gases and 
vapors as shown in the second column of the Table. Knowing the percentages 
by volume in air of various gases and vapors required for complete combus- 
tion, the heat of combustion of unit volume of different gas or vapor-air 
mixtures can be calculated, and is shown in column three of the Table. It will 
be observed that there is a general parallelism between the amount of heat 
evolved or the heat of combustion of gases and vapors and their intensity of 
combustion. It is evident, however, that the combustion intensity is not deter- 
mined by the heat of combustion alone, as comparison of the values given in 
the Table for acetic acid, hydrogen, and carbon disulphide will show. 

Table II—Heat of Combustion. 
Products of Combustion, CO: or SO: and Water in State of Vapor. 


Kilogram 
Calories Per 
Kilogram Cubic Foot of 
Calories Mixture of 
Substance Kilogram Per Gram Gas or Vapor 
Calories Molecule with Air* 
Acetic Acid—CH;COOH 

CH;COOH (vapor) +20.—2CO.+2H.0... 3,395.4» 203.863 22.82 
Acetone—(CH;)2CO 

(CH;)2CO (vapor) +40.=3CO.1+-3H.0... 6,969.9b 404.673 23.75 
Acetylene—C:H:2 

Coste SO 20TH ocece ces veeess 11,560.14 300.911 27.61 
Benzene—CeHe 

C.oHs+7140.—6CO.+3H:0 ............. 0,676.18 755.511 24.30 
Carbon Disulphide—CS, 

CS: (vapor) +30.—=CO.+2S0:; WikWiw +6 anlee® 3,320.3b 252.776 19.37 
Carbon Monoxide—CO 

Sr I 5 5 86s oo te goede vee ew eis 2,412.92 67.561 23.68 
Ethane—C:H, 

Cost SOs 2 COs OHO 26k ib ceeeccs 11,239.44 339.361 22.73 
Ethyl Alcohol—C.H;OH 

C:H;OH (vapor) +30.=2CO.+3H.0..... 6,681.7 307.760 23.72 
Ethylene—C.H, 

Cee S OFC OAT ovo ecsisse cee o' 11,399.84 319.650 24.73 
Ethyl Ether—(C:H;).O 

(C:Hs)20+60.—4CO.+5H:O ........... 8,499.1b 629.788 25.05 
Gasoline—Vapor ..............cceeecees .10,500.0 1065.4¢ 25.5¢ 
Hydrogen—H: 

Pe SERIE 5 oo xo ccs cane veusreuelee 28,386.48 57.227 20.05 
PROPOSENO WADI 6505. y cee cco wesicsionsecss Oe eet ares 
Methane—CH, 

CO COr Pte on coco ieee ccc cee 11,981.0a 192.177 21.63 


Note—Constant volume values selected from University of Illinois Bulletin No. 139 
and the available literature on the subject. 

*In combining proportions. 

aTemperature 62° F. (16.6° C.). 

bTemperature 64.4° F. (18.0° C.). 

cBased on tests of ordinary gasoline having a mean vapor density 3.5 (Air=1). 
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The speed of combustion of substances in the solid state is influenced by 
the form in which they exist at the time of ignition. In the case of flammable 
liquids the most rapid combustion occurs when they are in the form of vapor 
in certain proportions with air at the time of exposure to ignition as previously 
mentioned under Flammable Limits. If the liquid is in an open tank or other 
vessel, and its initial temperature at the time of exposure to ignition is above 
the temperature-dividing line or flash point above which flammable vapor is 
evolved, as soon as most of the accumulated vapor above the liquid has burned, 
the speed of subsequent combustion will diminish, depending upon a number 
of factors, including the heat of vaporization and the volatility of the liquid. 

From the foregoing it is obviously important to determine the compara- 
tive rapidity of combustion of a liquid together with its temperature effect 
under conditions comparable with those met with in practice. In our method 
of classification of liquids all these phases of the combustion hazard are in- 
cluded under combustion intensity. 

No single laboratory test method is at the present time available for 
directly determining the combustion intensity of a liquid, and it is necessary to 
resort to a combination of methods. 

It is therefore our practice in determining the combustion intensity of a 
liquid to obtain data on its speed of combustion under conditions; first, when 
the liquid is in the form of vapor in certain proportions with air, and second, 
when the liquid is exposed to ignition in an open vessel. These data taken in 
connection with the comparative heat effect of the liquid during combustion 
are sufficient for purposes of classification of this phase of its fire hazard. 


Hazards by Combination. 

The foregoing properties may be regarded as having to do primarily with 
the hazards of flammable liquids by combination (combustion) with air 
(oxygen). We have now to consider the hazards of liquids by combination 
with other substances commonly met with in practice. 

The danger of fires being caused by the reactions of water with sodium, 
potassium, quicklime, strong sulphuric acid, certain metallic powders and car- 
bides, particularly calcium carbide, is well known. Fires have been caused by 
the action of concentrated nitric acid on organic substances, including wood, 
turpentine, etc. 

It is fortunate that the petroleum products such as gasoline and kerosene 
are relatively stable chemically and relatively inert in respect to their ability 
to cause heating or ignition by contact with ordinary substances. 

It is our practice to conduct a study of the chemical properties of a liquid 
to determine its tendency, if any, to react with common substances, and to call 
attention in our listing to any dangerous tendency to react with common sub- 
stances, including water, mineral acids, nitrates, and organic materials such as 
grains, textiles, wood, paper, etc. 
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No attempt is made to include in our classification of the hazards of 
liquids any evaluation of this phase of the hazard, it being deemed sufficient 
for the purpose to mention any outstanding danger in this connection for the 
information of inspection authorities. 


Vapor Density. 


By vapor density is meant the weight of a given volume of vapor as com- 
pared with the weight of an equal volume of air under similar conditions as to 
temperature and pressure. The vapor density of a flammable liquid in con- 
junction with its rate of vapor diffusion with the surrounding air plays an 
important part in the formation of flammable or explosive mixtures. 

As the velocity of diffusion of a gas or vapor is inversely proportional to 
the square root of its density, the light vapors diffuse or intermix with the air 
much more rapidly than the heavy ones. If the vapor given off by a liquid has 
a density less than that of air, it will have a tendency to ascend, and to inter- 
mix comparatively rapidly with the air; on the other hand, relatively heavy 
vapors will tend to descend, and to diffuse or intermix with air very slowly. 

Gases or vapors of different density when confined in the same space will 
form a uniform mixture, if given sufficient time, but under ordinary conditions 
the rate of mixing of heavy vapors such as those of gasoline and carbon disul- 
phide with air is comparatively small, with the consequence that if there are 
no draughts in a room where a heavy vapor is given off by a liquid a low 
stratum of vapor may be temporarily formed. At the interface between the 
stratum of vapor and air a flammable mixture will exist, and the depth of this 
flammable mixture will gradually increase as the vapor diffuses with the air. 
In low places pockets of heavy vapor may be formed and remain for some 
time. A stream of heavy flammable vapor such as that of gasoline may under 
certain circumstances flow to a distant source of ignition such as a lamp or 
open fire, and propagate flame back. 

In Table III below the relative density of a number of flammable gases 
and vapors is given. 


Table II. Approximate Vapor 
Gas or Vapor or Gas Density 

Air=1 

ME si Vita anh 12 locate’ se S:) encod WGN5 5.4 OEE Fp SSNS RET ERE 0.069 

Se II 5 pos csrda w tbs. os Ssh ape ee vié eee ew wee ER ees 0.96 

PN I aos ido ena ponies bards’) Me Wwe Le Rew ba poees.cwee hts £1 

Wa I Bios gag org. ode a -ac84 44S SAHA ON SLE e ae RE 1.6 

PN ie ins oo sew. vio SOM NEN SE Wd GRE N enh RT Eee a ee COE 2.0 

SMM TE NO S ng SOK d swine S bR Sa 8S CURA SRG MED es cee ea SOREN E 2.6 

SONNE 0 oh na:cs 6k win. sw Wee Sa ean oo ie OG 0 Few Ee 2.6 

ree bet tira tela fe Siecn ob. F 6 boa ape we be hela P eS yo NN 27 

CMB toe R hain shia Ss yun gure anise Maren Ok RACER *3.5 

I Gr eh ahaa salsa} 5 Wino a RGA OWEN BTN READ aoe gree Rinne ee *4,5 


*Note—These are mean values for gasoline and kerosene found in common use. 
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Nature of Products of Combustion. 

When the vapors of most flammable liquids are burned completely in the 
air the products of combustion are water vapor and carbon dioxide. The water 
is produced by the combination of hydrogen, which is a common constituent 
of most volatile combustibles, with the oxygen of the air, and the carbon 
dioxide by combination of carbon, which is also a common constituent of most 
combustibles, with the oxygen of the air. The inert constituents of the air, 
nitrogen and argon (in small quantity), are also found mixed with the prod- 
ucts of combustion. 

Under ordinary fire conditions the burning of most flammable liquids is 
incomplete, thus producing, in addition to carbon dioxide and water vapor, 
smoke, carbon monoxide, the dangers of which are well known, and other prod- 
ucts. Carbon dioxide and water vapor are dissociated at high temperatures 
into oxygen, carbon monoxide and hydrogen. The question as to whether the 
chemical reactions involved in the combustion of a vapor in air go to com- 
pletion or stop in an intermediate stage, depends upon the conditions (equilib- 
rium). The driving force of the chemical reaction is influenced by the chang- 
ing concentration of vapor and air in the reacting mixture. As the equilibrium 
condition is approached, the driving force decreases. Temperature is the gov- 
erning factor in determining these conditions. Directing our point of view to 
ordinary fires where there are no laboratory conditions of control, it will be 
clear that there exist at any moment a number of zones of combustion, 
evidently differing from each other in air-fuel ratio, reaction velocity and tem- 
perature, and consequently in respect to the products of combustion. 

The products of combustion of most flammable liquids are comparatively 
harmless with the exception of carbon monoxide. As pointed out above, the 
ratio of carbon monoxide to carbon dioxide and to other products of combus- 
tion will in general depend upon the fire conditions, rather than on the com- 
position of the liquid. 

There are liquids, however, the combustion of which under ordinary fire 
conditions produces excessive amounts of smoke and even noxious or irritating 
gases, which may seriously impede workers in extinguishing fires. Carbon 
disulphide, for example, burns to carbon dioxide and sulphur dioxide. From 
the reaction CS,+-30,—CO,-+-2SO, it will be noted that the combustion of 
one volume of this vapor produces one volume of carbon dioxide and two vol- 
umes of sulphur dioxide, the latter an irritant gas. 

It is our practice in classifying the hazards of a liquid to obtain informa- 
tion as to its products of combustion under ordinary fire conditions, and to 
call attention in our report and listing to any noxious or irritant product of 
combustion, or any tendency to produce an excessive amount of smoke. No 
attempt is made, however, to include these items in the hazardous rating, as 
will be explained later. 











CLASSIFICATION OF THE HAZARDS OF LIQUIDS. 


Toxicity. 

Under this heading are included flammable liquids which act upon the 
human body as poisons, asphyxiants, anesthetics, and irritants, or in any way 
to seriously impede in the work of extinguishing fires. 

The toxicity of a liquid or vapor is considered as having an indirect bear- 
ing on the fire hazard in either or both of the following ways: first, it may by 
contact with the skin or through inhalation act upon the body in such a way 
as to rapidly incapacitate or drive away workers and thereby introduce a 
serious hazard in case of a fire; second, it may in case of fire, particularly if 
water-soluble, be carried by water, employed in an effort to extinguish the fire, 
to food products which may be stored in an adjoining part of the building. 

It is our practice in listing a flammable liquid to make reference to any 
of its toxical properties considered to be of importance from the fire prevention 
standpoint on the basis of the information obtained from the literature and 
our experience. Although the toxicity of a liquid has an indirect bearing on 
the fire hazard, no attempt is made in our method of classification to rate it in 
terms of fire hazard, as will be explained later. 


Chemical Stability. 

In determining the hazards of a liquid by laboratory tests, the question 
arises as to the stability or permanency of its properties under certain condi- 
tions of exposure that may be encountered in its use and storage. A liquid 
which is chemically unstable under conditions of use may undergo changes 
resulting in the evolution of heat or the formation of a more hazardous prod- 
uct. The tendency of a liquid such as linseed oil to combine at ordinary tem- 
peratures with the oxygen of the air (oxidize) with evolution of heat may 
become a factor in causing (spontaneous) ignition. 

In most cases of combustion the substance or a portion of it is first heated 
to its ignition point by the application of external heat. However, under 
certain conditions the ignition of some substances may occur without the 
application of sufficient external heat to raise them to their ignition tempera- 
ture. In such cases the substance, through physical or chemical changes taking 
place in the substance itself or through chemical reactions between the con- 
stituents of the substance and the air, becomes heated to its ignition point 
(spontaneous ignition). 

In a broad sense no flammable liquid or any other substance is chemically 
stable with respect to all possible processes, but in a sound method of classi- 
fication of hazards we must determine if the liquid is in a stable state with 
reference to the changes of state such as freezing, boiling, etc., to which it may 
be subjected under its normal conditions of use and storage; otherwise 
dynamic or potential processes of change in its hazardous properties may not 
be brought to light, and a false sense of security as to the status of its hazard 
may be made possible. 
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A liquid may be in a stationary or stable state because its composition 
corresponds to a state of equilibrium from which it has no tendency to depart 
(true stability) ; or it may be in a stationary state because its ingredients are 
inert or so unreactive that any processes of change are too slow to be observed. 
By chemical stability of a liquid as applied to our method of classification is 
meant a stationary chemical state in which the hazardous properties as experi- 
mentally determined do not undergo observable change under normal condi- 
tions of use and storage. 

A substance capable of undergoing spontaneous decomposition with evolu- 
tion of heat so that the process accelerates itself after once starting belongs at 
least potentially to the explosive class. It is important therefore to distinguish 
between two classes of substances known respectively as exothermic and 
endothermic compounds. Compounds formed from their elements with evolu- 
tion of heat are termed exothermic in contradistinction to compounds formed 
from their elements with absorption of heat. 

The bulk of compounds met with in practice are exothermic and, in gen- 
eral, relatively stable chemically. Endothermic compounds evolve heat on 
decomposition, and are as a rule comparatively unstable. When an endother- 
mic substance is burned in the air there is an evolution of heat corresponding 
to the decomposition (heat absorbed in formation) in addition to the heat of 
combustion due to its elements. Certain endothermic substances may therefore 
by decomposition evolve sufficient heat even in the absence of air (oxygen) to 
produce a fire or an explosion. Examples of endothermic compounds are 
acetylene,* carbon disulphide, which can be decomposed by shock, and azoi- ‘ 
mide, which is highly explosive. 

The comparative stability of a liquid in respect to the processes met with 
under ordinary conditions can be determined by tests of its reactions with 
certain reagents, and frequently by a study of its chemical constitution and 
properties. 

Relation of Hazardous Properties to Fire Hazard. 

Field experience is the best criterion for evaluating the fire hazard of 
a liquid or any other substance, provided it extends over a long enough period 
of time to include the dangerous effects of all the important factors that may 
be met with in practice. Obviously there are many variables, including the 
role the human element plays, that operate in bringing about the exposure of a 
substance to sources of ignition and other effects of the different factors under 
various conditions favorable to the development of its inherent hazards. 
Where the time factor is inadequate, particularly in the case of a substance 
having a limited commercial use, the effects of certain factors capable of 
bringing to light serious hazardous properties may not be observed. It is 


 -*Note—While acetylene gas under high pressure is dangerous, it may be used with 
comparative safety under the established regulations of the National Fire Protection 
Association. 
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sometimes difficult to determine from field records or by statistical methods 
whether or not this time factor in the field experience on any substance is 
adequate. There is a need, therefore, for methods of test for determining the 
fire hazards of substances and systems without waiting to obtain the record of 
field experience. 

In this age of rapid progress in the manufacture and introduction of new 
chemical compounds and processes, together with high speed equipment 
operating at higher electrical potentials and gaseous pressures than those here- 
tofore employed in industry, new phases of fire hazard are presented on which 
no adequate field data are available. In such cases the advantages of a method 
for determining hazards by laboratory tests under conditions of control are 
twofold: to discount the time factor required for adequate field experience, 
and to prevent the possible loss of lives and property incident thereto. 

Field experience is our primary source of knowledge of fire hazards, and 
any sound system of tests, the results of which are to be employed as a 
criterion for classifying the fire hazard of liquids or any other substances, must 
take cognizance of the effects of the hazardous factors developed by field 
experience. It is not necessary nor usually feasible to reproduce in laboratory 
tests all the conditions under which these variables operate in practice, but the 
essential effects in causing and promoting fires should be determined and 
applied. 

The various and direct causes or sources of ignition involved in field 
experience can be resolved into sparks, flames, heated surfaces and bodies which 
ignite on contact with certain substances. The indirect sources of ignition can 
be resolved into temperature and pressure conditions which promote physical 
and chemical processes that may cause ignition. The temperature, together 
with the heat capacity of any system of variables, and often also the air 
supply, are important elements in all these sources of ignition. The normal 
variations of atmospheric pressure have practically no influence on the 
hazards, but in many industrial operations the variations in pressure are suffi- 
cient to affect the fire hazard of liquids. In general, a decided reduction in 
pressure below that of the atmosphere increases the volatility of a liquid but 
reduces the hazard of its vapor, while a rise in pressure increases the hazard 
of the vapor. The effects of pressure on the hazard of all liquids of the 
exothermic class are comparatively the same, and it is not therefore necessary 
in our method of classification to differentiate the hazard of liquids on the 
basis of external pressure changes. Dangerous endothermic liquids are noted 
in the listing. 

It will be observed in this connection that in our method the properties of 
liquids are differentiated with reference to their minimum temperature of 
ignition under conditions comparable with those in the field (apparent ignition 
point), their temperature of volatilization with reference to the ordinary tem- 
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perature (volatility), their reactions by contact with common substances 
(hazards by combination), their hazardous changes under conditions of use 
and storage (stability), their comparative combustibility under practical con- 
ditions (intensity of combustion and limits of flammability). In addition, the 
hazardous behavior of the vapor with respect to certain practical conditions is 
determined (vapor density). Their toxicity and products of combustion in 
relation to fire hazard are included. 

Theoretically, it would be desirable for test purposes to resolve the field 
variables, such as the sources of ignition, into simple terms of temperature and 
heat capacity, which would greatly simplify the problems of testing for 
hazards, but it appears that our present knowledge of combustion has not been 
advanced to this degree. In determining the reaction of liquids to the sources 
of ignition involved in field experience, for example, our test procedure must 
include not only temperature in conjunction with heat capacity, but other 
factors such as the influence of surfaces (catalysis), ionization. 

While the hazardous properties of liquids are determined by this method 
with reference to our knowledge of the effects of the variables of field experi- 
ence, no attempt is made to differentiate their hazards on the basis of the mathe- 
matical probability of the frequency of exposure of any particular liquid, by 
virtue of its intended commercial use, to any of these variables. The chance of 
the occurrence of events leading to the exposure of a liquid or any other sub- 
stance to any source of ignition or variable of field experience is a phase of fire 
hazard that varies with circumstances and current practices, and is often so 
complex as to elude analysis. 

It is important in this connection to distinguish between the inherent 
hazards of a liquid, and hazardous situations or conditions of exposure existing 
in any particular instance. The different conditions under which liquids are 
employed commercially and domestically involve different exposure factors. 
Gasoline, for example, when used under conditions of control by persons 
familiar with the precautions necessary in handling it to prevent fire, may 
cause no trouble, but on the other hand, this same gasoline in the hands of 
users not familiar with its hazards, or who think it is kerosene, may cause 
a serious loss. In the Laboratories’ method the inherent hazardous properties 
of liquids are brought to light and given a comparative classification to serve 
as a basis for determination by inspection authorities of matters relating to 
hazardous situations or hazardous conditions of exposure in the field. 

In connection with the relation of the hazardous properties of liquids to 
the fire hazard, the question is often raised as to whether or not these proper- 
ties cannot be expressed in more fundamental terms. There is in general a 
relation of chemical and physical properties of substances to their chemical 
composition and constitution, and theoretically it would therefore be desirable 
to differentiate the individual hazards or properties of liquids in terms of more 
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fundamental physico-chemical data, which would be applicable in deducing the 
fire hazard. Some attempts have been made to relate certain hazardous 
properties such as ignition temperature, limits of flammability, etc., to more 
fundamental chemical and physical characteristics, but very little progress has 
been made in this direction. Combustion and flame propagation is a far more 
complex process than has been generally realized, and many of the theoretical 
problems relating thereto have not been solved. Therefore, in the light of our 
present knowledge of combustion, the hazardous properties of liquids cannot 
as yet be resolved into terms of “fundamental data.” 


Flash Point Alone Not a Satisfactory Measure of Hazard. 


We are often asked whether or not the flash point alone is a satisfactory 
measure of the fire hazard of a liquid. In general the flash point test is one of 
the most useful tests known for determining the temperature at which a liquid 
evolves flammable vapor in dangerous quantity. It has been the trade custom 
for many years, particularly in the petroleum industry, to regard the flash test 
as a criterion of fire hazard. Many municipalities, states, and countries have 
established flash point requirements for kerosene, but there are wide variations 
in these requirements as to what particular temperature limit insures safety. 
In the literature many writers differ from each other in their definitions of 
flash point. Various methods of conducting the flash point test are advocated, 
and values reported by different workers are not in many cases in agreement. 

An analysis of the various forms of apparatus and methods employed in 
conducting the flash point shows that the essential parts are (1) a cup or con- 
tainer for the liquid to be tested, (2) a heater, (3) a small testing flame or 
sparking device, and (4) a thermometer with which to measure the tempera- 
ture of the liquid. The test procedure consists essentially in raising the tem- 
perature of the liquid in the cup by means of the heater, while introducing the 
testing flame into the air space in the cup above the liquid until a flash occurs. 
The temperature of the liquid at the time the flash is observed is recorded as 
the flash point. The variations in the different forms of apparatus relate to the 
type of heater; the nature and dimensions of the test flame; the type of 
thermometer; the shape and dimensions of the cup, and in having it open to 
the air (open cup) or covered (closed cup); in the latter case an opening is 
provided in the cover for introduction of the testing flame which is controlled 
manually or automatically. The methods of procedure differ essentially in 
respect to the rate of heating the liquid and the frequency of application of 
the test flame. In some forms of apparatus the test flame is automatically 
applied. 

It will be observed from the foregoing that whatever the form of flash 
point apparatus or test procedure employed, the essential information obtained 
by the test is the temperature at which the liquid in the cup evaporates fast 
enough to form a vapor-air mixture which will take fire (flash) when the test 
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Table IV. 


Flash ; 
Point Apparent Limits of 
sed Ignition Vapor Flammability 
Point Density Chemical Combustion by Vol. 
Liquid -F. Deg. F. Air=1 Stability Intensity Lower Upper 


Acetic Acid 3 800-925 2. Comparatively Exceedingly 

stable ow 
Benzaldehyde 377 “3 Comparatively 

stable 
Carbon Disulphide.... ike i Endothermic High 1.0 50 


Comparatively High 1.9 22 
stable 
Gasoline f Comparatively High 1.4 6 
stable 
Kerosene : Comparatively High 
stable 
Linseed Oil (Raw).... 43 és Subject to High 
spontaneous 
ignition* 
Cotton Seed Oil a Subject to High 
spontaneous 
ignition* 
Paraffin Oil ead He Comparatively High 
stable 


*Note—Cotton seed and linseed oils oxidize on exposure to the air and cause spon- 
taneous ignition under favorable conditions. 

+Note—Samples of gasolines obtained on the open market over a period of several 
years yielded flash points ranging from —45 to 0° F. 

**Note—-Nuckolls (1910). 
flame is applied. The flash point therefore shows whether or not the vapor of 
the liquid is combustible in the presence of air at atmospheric pressure, and 
depends upon the volatility of the liquid, and also upon the presence or absence 
of other volatile constituents which may or may not mask the flash as pre- 
viously mentioned. Other limitations of the flash point are discussed below. 

The flash point alone is not a measure of the fire hazard of a liquid in 
respect to its ignition point,* flammable limits, hazards by combination, vapor 
density, toxicity, and chemical stability. It fails to differentiate between 
liquids of the exothermic and endothermic class. It does not reveal a tendency 
of a liquid to spontaneous ignition. 

In conducting the flash test a rough estimate may be made by an experi- 
enced observer as to the comparative rapidity of combustion of the vapor in 
the small cup, but other tests are required to obtain reliable information on the 
intensity of combustion of the vapor of the liquid. It is also possible for an 
observer to detect certain noxious products of combustion while conducting the 
flash test. In Table IV certain hazardous properties of a few liquids, includ- 
ing their flash points, are given. It will be evident on inspection of the data 
that while there is in many cases a general parallelism between liquids having 


*It is recognized that the flash point of a liquid indicates that its ignition point must 
be above the flash temperature, and below the temperature of the testing flame. The tem- 
perature of testing flames is, however, high (white heat). Other tests must be resorted to in 
order to learn whether or not the liquid will ignite at dangerously low temperatures. 
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“low” flash points and those of a hazardous nature, the flash point alone 
reveals only the volatility hazard. 

The relation of the hazardous properties of liquids to fire hazard in gen- 
eral has been made evident in a qualitative sense in the foregoing discussion. 
It now remains to establish the quantitative relationship between these prop- 
erties and the fire hazard. 

The Volatility Hazard. 

We have seen that for any given flammable liquid there corresponds a 
temperature dividing line above which vapor is evolved in sufficient quantity 
to form flammable or explosive mixtures with the surrounding air. Field 
experience shows that a liquid which evolves flammable vapor at or below the 
ordinary temperature is more hazardous, all other factors being equal, than 
one which gives off vapor at higher temperatures, and that as the temperature 
of evolution of vapor rises the hazard decreases. The hazardous properties of 
the vapor-air mixture formed will depend upon the ignition temperature of the 
vapor, its combustion intensity, etc., but for the present let us confine our 
attention to the volatility hazard, assuming other factors equal. 

The relation of the temperature dividing line above which vapor is 
evolved by a liquid (its flash point) to the fire hazard is not confined to the 
region of the ordinary temperature, but extends to as high and as low tem- 
peratures as are met with in practice. If a flammable liquid is exposed to the 
air at a temperature above that at which vapor is evolved, the time required to 
form a flammable or explosive mixture with the surrounding air will depend 
upon a number of factors, including the dimensions of the enclosure, if any, 
the quantity of the liquid, the area of the liquid surface exposed to air, the 
vapor density, the rate of diffusion of the vapor, air currents, if any, and 
largely the difference between the surrounding temperatures and the tempera- 
ture at which the liquid evolves vapor. The greater this temperature gradient 
the faster the evaporation of the liquid, and vice versa. While the relation of 
the temperature at which a liquid evolves flammable vapors (flash point) to its 
fire hazard extends to the temperature limits met with in practice, it is quite 
evident that as these limits are approached the increase or decrease in fire 
hazard, as the case may be, corresponding to a given increment or decrement 
in the temperature at which a liquid evolves vapor (flash point), will gradually 
diminish. In other words, the volatility hazard is not a straight-line function 
of the temperature of evolution of vapor. The relation of the volatility hazard 
to the temperature of evolution of vapor (flash point), as represented by the 
curve in the diagram shown in Fig. 2 (next page), has been employed in our 
method of classification for many years. 

The lower horizontal line (axis) of the diagram is a temperature scale in 
deg. F., and the vertical line (axis) at the left is a hazard scale. The height of 
the curve at any point as measured on the vertical axis shows the relative 
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volatility hazard of any liquid which evolves vapor in dangerous quantity at 
the corresponding temperature on the horizontal axis. 

Beginning at the right side of the diagram, where the temperature is rela- 
tively high, it will be observed that as the curve travels to the left approaching 
the ordinary temperature it becomes steeper; in other words, as the tempera- 
ture of evolution of vapor approaches the ordinary room temperature each 
unit decrease in the temperature of evolution of vapor corresponds to an 
increasingly larger change in the hazard. After the curve has passed through 
the region of ordinary temperature it rises at a decreasing rate, indicating that 
in the region below ordinary temperature the hazard continues to rise as the 
temperature of evolution of vapor falls, but at a constantly decreasing rate. 

It would be beyond the scope of this article to attempt to fully analyze 
the relation of this curve to the fire hazard, and only a brief outline of the 
basic principles employed in determining its form and application to our 
method can now be presented. 

From considerations brought out in the preceding discussion, it is obvious 
that the curve in the regions of both the upper and lower temperature limits 
of the fire hazard is nearly that of a straight horizontal line having very little 
slope; and conversely, as the curve approaches the ordinary temperature zone 
its slope must continuously change, becoming steeper. Study of the variations 
of temperatures met with in practice shows that the ordinary temperature is a 
variable covering a range or zone of temperature which extends somewhat 
above and below ordinary room temperature. As the temperature limits of the 
zone of ordinary temperature vary, it is necessary to choose a point in this 
region for reference in determining the form of the curve. The general prac- 
tice of underwriters, based on a long field experience, in regarding 100° F. 
(temperature of flash) as a dividing line on which to differentiate the volatility 
hazards of common liquids appears to be the best guide in respect to this phase 
of the problem. We have therefore selected 100° F. as the reference point in 
determining the form of the curve at the higher temperature border line of 
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the zone of the ordinary temperature, and accordingly as the curve approaches 
this point its slope changes rapidly. 

In accord with the conception that the slope of the curve changes at the 
higher temperature border line of the zone of the ordinary temperature, it is 
apparent that as the other border line is approached from the opposite direc- 
tion the slope of the curve must again change. The latter change in the slope 
is not so sudden, owing to the fact that the increase in hazard with decrease of 
temperature of evolution of vapor is now more uniform. The form of the 
curve in the lower temperature region has been determined by a study of the 
volatility of low flash point liquids, such as ether and gasoline, the hazards of 
which have been established by field experience. 

The hazard scale at the left of the diagram is determined by the volatility 
in conjunction with certain other hazardous properties of the evolved vapor, as 
will be explained after the relation of these properties to the fire hazard has 
been discussed. By way of illustration, carbon tetrachloride is a highly volatile 
liquid, but its vapor is practically non-flammable and consequently its volatility 
hazard is zero. If it were endowed with the combustion intensity of gasoline 
its volatility hazard in conjunction with its combustion intensity could be 
evaluated. 

The ignition temperature of most common liquids, particularly of petro- 
leum products, is considerably above the ordinary temperature, and fires 
caused by them usually originate from relatively high temperature sources of 
ignition such as sparks and flames. There are substances, however, such as 
carbon disulphide, which have ignition points within a range of temperature 
extending from the zone of the ordinary temperature to the temperature of 
sparks and flames. 

The temperatures produced by steam radiators, boilers, electric light 
globes, heated surfaces of stoves and other objects are a potential source of 
ignition to volatile liquids, the vapors of which are capable of igniting within 
this range of temperature. 

The gradient of the ignition point hazard is represented by a curve similar 
in form to that shown in Fig. 2. The main reference point in the curve is, 
however, raised from 100° F. to 300° F. on the basis of the temperature range 
discussed above. As ignition temperatures approach 300° F. there is a decided 
acceleration of this phase of the hazard. The values employed for the ignition 
hazard are worked out on the basis of available field experience and data on 
the ignition of substances at low temperatures. 

The curve representing the gradient of the ignition point hazard, while 
similar in form to the volatility curve (Fig. 2), is independent of it, and serves 
only as a schedule of the ignition hazard. The relation of the ignition hazard 
to the total hazard, of course, depends on the volatility, and this relationship 
is expressed by the volatility curve shown in Fig. 2, as will be explained later. 
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The gradient of the hazards of the limits of flammability, the explosive 
range and the combustion intensity, are also measured by curves of the general 
form shown in Fig. 2. These curves vary somewhat from each other in certain 
particulars. The test values are plotted on the lower horizontal line (axis). 
The respective hazard scales represented by the vertical axis are determined 
with reference to the fire hazard of well-known liquids and gases, such as 
gasoline, ether, illuminating gas. These relationships in general have been 
brought out in the preceding discussion of the individual hazardous properties. 
Following is a brief discussion of the principal critical points employed as 
gradients of these hazards. 

It is shown by field experience data that in the case of the limits of flam- 
mability a low limit as high as five per cent may constitute a marked hazard, 
and that as this value is approached, from say 20 per cent, the increase in 
hazard is at an accelerated rate. A narrow range together with a low limit, as 
exemplified in the case of gasoline, may, if the combustion intensity and 
volatility are both high, constitute a serious hazard. 

The lower limit is the main hazard in respect to limits of flammability. 
As the range (difference between upper and lower limits) widens, the hazard 
increases, but not at an accelerated rate. 

The relation of the limits of flammability, in conjunction with the vola- 
tility, to the fire hazard is expressed by the curve shown in Fig. 2. However, 
it is only when the limits are in conjunction with a high volatility that they 
require to be treated separately as an integral part of the hazard. In the case 
of flammable liquids that do not evolve vapor in dangerous quantity at the 
ordinary temperature, there is no need of evaluating the flammable limit 
hazard separately. It will be observed in this connection that when a chem- 
ically stable liquid which does not evolve vapor at ordinary temperatures is 
heated the vapor condenses as soon as it passes out of the range of the source 
of heat, and therefore its flammable limit and vapor density phases of hazard 
are practically eliminated. 

The combustion intensity is evidently an essential phase of the fire hazard 
of a liquid. A combustion intensity sufficient in degree to readily propagate 
flame is taken as a basic point on the curve showing the gradient of the com- 
bustion intensity hazard. Up to this point the hazard increases at an accele- 
rated rate, and thereafterwards in direct proportion to further increase in the 
combustion intensity. A comparison of the combustion intensity of acetic 
acid with that of kerosene in conjunction with their volatility, which is of the 
same order (flash point 100 and 106° F. respectively), furnishes an example of 
the importance of combustion intensity as a factor in the fire hazard of a 
liquid. The volatility curve (Fig. 2) also shows the relation of combustion 
intensity in conjunction with volatility to the fire hazard. 

The vapor density hazard increases at an accelerated rate from one 
(air—1) to approximately three (gasoline 34) as shown by field experience 
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data on flammable liquids such as ether, gasoline, and carbon disulphide. 
There is also a diffusion hazard in the case of vapors and gases lighter than 
air which increases as the density decreases. 

It will now be seen that the primary function of the volatility curve 
(Fig. 2) is to express graphically the relation of. the ignition point, the com- 
bustion intensity, and in cases where the volatility is high, the relation of the 
limits of flammability and vapor density to the fire hazard. 


Scale of Hazards. 


The scale of hazards applying to each of these individual hazards or 
hazardous properties has been worked out as described on the basis of avail- 
able field data on the hazards of well-known liquids. The numerical limits of 
the volatility scale and of these individual scales are determined with reference 
to an arbitrary numerical scale of hazard ranging from 0 to 100 plus. The 
numerical relation of this scale to the fire hazard is determined with.reference 
to the hazards of paraffin oil and ether, the hazards of which are represented 
by 10 and 100 respectively. In other words, the individual hazards or hazard- 
ous properties of ether and paraffin oil when determined by tests and evaluated 
first by the gradient scales applying to individual hazards, and second, by the 
volatility hazard scale equal 100 and 10 respectively. When the hazardous 
properties of kerosene (flash 100° F. closed cup) are worked out on the above 
basis the hazard equals 40. 

In our List a liquid is also classed in respect to fire hazard with some 
well-known product, the hazards of which have been established by field 
experience. 

No attempt is made to evaluate the hazards incident to toxicity, nature of 
products of combustion, chemical stability (spontaneous ignition), and 
hazards by combination. These hazards, when present, are however noted 
in our listing. 

These tests and the classification of the hazards are made only at the 
request of the manufacturer of the liquid, who is required to file with the 
Laboratories an application form, together with information as to the nature 
or composition of the liquid, its intended use, trade name, and type of shipping 
container. A one gallon sample is usually sufficient for the tests. Pursuant to 
our usual practice in the testing and listing of materials and devices, the manu- 
facturer is required to accept one of the Laboratories’ established forms of 
supervision over listed products, known as the Re-examination Service, under 
which samples of the liquid are regularly obtained in the open market or from 
the manufacturer for subsequent tests one or more times yearly. 

In Table V on the opposite page is a tabulation of test data covering a 
number of flammable liquids. These data include flash point (closed cup), 
apparent ignition temperature, and in some cases a general classification 
of hazards. 





SANTA FE SPRINGS OIL FIRES. 


The Getty No. 17 oil well, Santa Fe Springs, California, burned for fifty-two 
days before it was extinguished. 
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Santa Fe Springs Oil Fires. 


By Lloyd Griffith, Petroleum Surveyor, 
Board of Fire Underwriters of the Pacific (Member N.F.P.A.). 

The advance of the science of combating oil well fires has recently been 
shown by two spectacular fires in the town lot drilling section of Santa Fe 
Springs, California. Speed in extinguishing such fires is now a secondary con- 
sideration to saving the production from the burning wells. Success in this 
phase of the work makes the recent fires unique in the history of the 


petroleum industry. 
The Getty Oil Well Fire. 


After the discovery of the new productive deep oil sands late in July, 
1928, the oil companies started a race for production. Among the early 
starters was Geo. F. Getty, Inc. On September 16th, when drilling had pro- 
gressed to well over a mile in depth, this company’s well, subsequently known 
as No. 17, blew out of control and almost instantaneously ignited. The 
initial production was estimated to be from six to ten thousand barrels of oil 
and from ten to thirty million cubic feet of gas per day. The well burned con- 
tinuously for fifty-two days, the longest any California well has ever been out 
of control, with possibly one exception. Yet this well holds the unique record 
of burning uncontrolled at the mouth of the hole while there was at the same 
time a recovered production of 8,000,000 cubic feet of gas and 2,500 barrels of 
exceptionally high gravity crude oil daily. After having been extinguished this 
crude oil production was increased to nearly 6,000 barrels. 

At the time the Getty well “blew in” unexpectedly the race for deep pro- 
duction zones was at its height. The Getty crew was unprepared to cope with 
the burning gusher they suddenly had on their hands. As the General Petro- 
leum Corporation was the nearest large neighbor their engineers were asked to 
take charge of the control work. 

The first activities consisted of pulling down and removing wooden struc- 
tures to prevent further spread of the fire, operating sprinkling systems on 
near-by derricks, placing iron shields to protect combustible structures, throw- 
ing up earth dykes completely encircling the burning well, and setting salvag- 
ing pumps to remove possible floods of oil or water. All this work was pre- 
paratory to attempts to extinguish the blaze. In the area immediately sur- 
rounding the flaming well twenty derricks were either burned down, pulled 
down, injured or had operations suspended due to the fire. 

Following the preparatory work many different methods of extinguishing 
the fire were attempted. All of these methods had as the first requisite the 
saving of the well for future production. Any one of these methods which were 
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The Getty oil well fire after the attempt at surface control was abandoned. 
This picture shows the congestion of wells in this “town lot” field; twenty other 
derricks were destroyed or so exposed that drilling operations had to be suspended. 


unsuccessful in this case, due to the peculiar conditions, might succeed in 
other cases. 

The first attempt consisted of running thirteen four-inch steam and mud 
lines to fan in on one side of the well in an attempt to blow it out. This was 
abandoned, due to the danger of saturating the surrounding area with 
burning oil. 

The attempt at underground control, which was finally successful, was 
then initiated. The plan was to tap the casing below the surface and shut off 
or relieve the pressure at that point, thus having only a comparatively small 
fire to extinguish at the casinghead. 

A tunnel was started toward the well from a pit dug by a steam shovel 
about 250 feet from the burning well. This tunnel was timbered throughout 
in accordance with state regulations. Quicksand and loose sand above the 
water table, as well as cavities around the casing, greatly hampered this work. 
As the casing was approached, about 48 feet below the surface, tests were 
made in and around the drill pipe of the burning well for gas and oil before 
actually exposing the casing. The piping consisted of a 154-inch outside 
casing and an 11-inch and a 9-inch inside casing with the 4-inch drill pipe in 
the center. Gas was flowing from the well through both the drill pipe and 
immediately outside the drill pipe inside the 9-inch casing. A chamber was 
excavated around the pipe. The outer casings were then tapped and various 
attempts made to reduce the gas flow by forcing into the space between the 
9-inch casing and the drill pipe packing materials such as hard wooden balls, 
solid and hollow aluminum balls, lead and steel wool, asbestos, and various 
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Tunnel method of taking oil and gas from burning well. 


other materials. At one time a wedge was made which resisted a 1,000-pound 
pressure only to be cut away by sand under gas pressure. At the same time a 
connection was made to the casing at the surface through which hematite, 
cement and barite were pumped into the well, but with little effect in reduc- 
ing the flow. 

An attempt from the tunnel was then made to control the flow in the drill 
pipe by inserting a large wooden ball, followed later by an aluminum ball. 
This was partially effective and afforded an opportunity to insert large quan- 
tities of mud at 600 pounds pressure, but even this was ineffective in con- 
trolling the fire. 

It was then decided to attempt control of the fire by connecting the 
casing and drill pipe to a large gas line leading up to the surface through the 
tunnel. The amount of suction on this line from compressors on the surface 
was not sufficient to remove any considerable amount of gas and oil, so a 
difficult engineering problem was solved by means of drains from this gas line 
to a smaller oil line which was connected to oil pumps driven by compressed 
air and located in the tunnel chamber. In this manner approximately 2,500 
barrels of oil and 8,000,000 cubic feet of gas were recovered daily while the 
well was still burning. The fire was reduced about 75%, making possible 
attempts to cap the casing at the surface. Extinguishing the remaining fire 
with steam and mud streams was first tried out but found ineffectual, although 
the fire was reduced to such an extent that it was possible to set a steel bell 
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Starting the tunnel to reach the casing of the burning Getty well about 50 ft. 
below the surface. The structure between the fire and the pit is an asbestos 
screen to cut off radiated heat. 


with standpipe over the reduced flame. A 12-inch gas line was connected to 
the side of the bell to remove the gas below the flame to a remote point, then 
the valve on the standpipe was closed and the flame on top extinguished. 


The Belleview Oil Well Fire. 

The Belleview Oil Syndicate well was located in the same congested town 
lot drilling section as the Getty No. 17, only nearer the heart of the field, close 
to the famous “Four Corners.” Early on November 9th this well became a 
burning inferno soon after it had started production from the deep sand. 
Partially due to knowledge gained in fighting the Getty fire, control of the 
Belleview fire was made in the comparatively brief period of twenty-one days. 

A conference of the neighboring companies affected by the fire resulted in 
the advancing of a fund to the Belleview Company to fight the fire and the 
appointing of a committee of engineers from the Union, Standard and Texas 
Oil Companies to direct operations. Under their direction a surface and under- 
ground attack was immediately planned against the burning well. While crews 
of men worked clearing the surface other crews started driving a tunnel toward 
the casing. Through the tunnel it was proposed to divert a portion of the gas 
and oil into flow lines, as had been done so successfully with the Getty well, 
should the initial surface attack prove a failure. It was thought worth the 
attempt, however, to try to cap the well at the surface. 

After several days of hard as well as hot work, the ground was sufficiently 
cleared to start operations. A 40-foot flue was suspended over the casing by 
means of guy wires. A crane, mounted on a tractor and walled with sheet iron 
and asbestos to protect from the heat the operators, who all wore asbestos 
suits, moved the flue into place. With the flue over the casing the flames were 
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Wide World. 

Belleview Oil Well Fire, Santa Fe Springs, Cal. This photograph shows the 
tunneling operations to reach the well casing. The flame from the burning well is 
not conspicuous in this picture against the background of the sky, but was said 
to be visible at night from a distance of fifty miles. 


drawn from the surface and lifted the height of the flue (40 feet) above the 
surface. Two “wind machines” from Hollywood created an artificial breeze 
sufficient to enable men to work in close enough to the casing to prepare the 
way for the control manifold. When this was done the flue was removed. 

The next step was to slip the specially prepared manifold over the casing. 
This manifold was built with a 25-foot 10-inch pipe attached to carry the 
flames far enough above the ground to enable men to operate the control valves. 
It was moved into place the same way the flue had been, and clamped over the 
casing. Failure was threatened because the warping by the intense heat of the 
pipes made a satisfactory shut-off impossible. This was overcome by welding 
a considerable quantity of metal to the casing by working upwards from a pit 
which had been dug around the casing. 
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Twenty-one days after the fire started the big valve in the control mani- 
fold was ready to end the Belleview well’s uncontrolled career. The “wind 
machines” were moved as close as possible. Firemen prepared to play streams 
of water on men who would have to work in close to the casing. A 30-foot 
remote control lever was attached to the main valve, but the pressure was too 
great for success from this distance, so several men in their asbestos suits, 
armed with large pipe wrenches, moved up to the casing and, assisted by the 
men with the long lever, began turning the valve. Little by little the flame 
was lessened and with a final gasp was extinguished, while at the same time 
the oil and gas that had been feeding the flaming torch was turned into a flow 
line leading to gas separators. 

Since the surface attack had succeeded, the tapping of the drill pipe in the 
completed tunnel was not necessary. 

Estimates as to the flow of oil during the fire were from three to seven 
thousand barrels and the gas from twenty to forty million cubic feet. Imme- 
diately after the fire the actual production was 2,800 barrels of oil and 
30,000,000 cubic feet of gas per day. 

Comparison of these two fires would show even to the most casual 
observer the individualistic character of oil well fires. The Getty fire gave off 
great volumes of dark smoke above the orange-colored gas flame, showing that 
large quantities of oil as well as considerable gas were burning. On the other 
hand, the Belleview fire resembled a huge welding torch with its orange flame, 
making a weird sight, especially at night. This fire was primarily a gasser, 
burning comparatively a small amount of oil. All of which leads to the con- 
clusion that oil well fires to be properly controlled must be studied by com- 
petent engineers as individual problems. 
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Preble Box Toe Co. Explosion and Fire. 


Lynn Mass., November 8, 1928. 


Twenty persons lost their lives and a number were injured when an explo- 
sion occurred shortly after 7:30 o’clock on the morning of November 8, 1928, 
in the Preble Box Toe Company plant in Lynn, Massachusetts. The blast was 
followed by a huge burst of flame which extended high into the air and to all 
sides, enveloping near-by frame dwellings. The factory building was wrecked 
and the adjacent dwellings badly scorched. 


Construction. 

The plant consisted of a one-story solid concrete block, single area build- 
ing, 125 ft. x 50 ft., with a small boiler room cut off by a metal-clad door. 
The roof was of reinforced concrete, 5 in. thick, supported on unprotected 
I-beams and cast iron columns. All windows were wired glass in metal frames 
with the center section a swinging sash. 

The front of the building was set back from Brookline Street about 
twenty-five feet, and the rear was flush with Groveland Street. A two-story 
frame dwelling, occupied by the Blaney family, was located eleven feet away 
from the factory on the west, beyond which were numerous frame dwellings. 
Other frame dwellings and outbuildings were located thirty feet and more 


distant on the north and east side. 
Occupancy. 


The plant was occupied by the Preble Box Toe Company, whose principal 
business was the manufacture of pyroxylin impregnated cotton flannel from 
which box toes for cheaper grades of women’s shoes are cut. They also mixed 
box toe softener, and made an adhesive, similar to rubber cement, for the use 
of shoe manufacturers. All processes involved the use of flammable solvents. 


Processes, 

The first step in the process of making box toe stock was to dissolve 
pyroxylin plastic scrap, popularly known at the plant as celluloid, in ethyl 
acetate and denatured alcohol. For this purpose pyroxylin novelty scrap was 
used. The process was carried on in seven mechanically agitated churns which 
had a capacity of approximately 280 gallons each. The second step consisted 
in impregnating the cotton flannel with the pyroxylin solution from the churns. 
The cotton flannel, from rolls one yard wide, was drawn over a steam radiator 
and then through an open tank containing approximately 150 gallons of the 

This report has been prepared through the co-operation of two N.F.P.A. members, the 
Eastern Underwriters Association Inspection Bureau and the inspection department of the 
Associated Factory Mutual Fire Insurance Companies. Data obtained through the above 
sources have been supplemented by inspections made by engineers of the N.F.P.A. and 


information from other sources. While the available evidence is conflicting with respect to 
some points, this report is believed correct in all essential features. 
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Interior of the workroom of the Preble Box Toe Co. at Lynn, Mass., showing 
drums of flammable fluid piled at the left, the mixing tanks, the heating coil over 
which the cloth was passed, and the drying rack. 


pyroxylin solution. A wooden knife removed any excess solution from the 
flannel as it came from the tank, after which the flannel was drawn up a short 
conveyor and festooned over steam coils on an open rack about 65 ft. long. 
The rack had a steel track and the flannel was hung on angle irons which were 
moved along the track by hand. After drying, the material was cut into sheets 
about 6 ft. x 4 ft. and packed in wooden cases for shipment. 

The adhesive was made from purchased gum, which was mixed with 
benzol in four mechanically agitated mixers. This process was carried on in 
the part of the building directly adjacent to the Blaney dwelling. 

The box toe softener is a mixture of di-acetone and denatured alcohol, 
and was sold to the trade in five and ten-gallon cans. 

The raw materials used in these several processes were stored in one open 
area around the machinery and equipment used in manufacturing and along 
the west and rear walls of the building. As near as can be ascertained the 
approximate amount of stock on hand at the time of the fire was as follows: 
600 lbs. of pyroxylin novelty scrap in wooden barrels and boxes, five 50-gallon 
drums of ethyl acetate, two drums of benzol, two churns of di-acetone, twelve 
drums of denatured alcohol, and possibly eight large boxes of finished box toe 
stock. In addition there were thirty-five large rolls of cotton flannel, most of 
which were in a separate stock room in the front of the building, and some 
fifty empty drums in various parts of the plant. The festoon dryer was full 
of coated cloth. 
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BROOKLINE Sv. 
Diagram of the Lynn, Mass., explosion and fire of November 8, 1928, showing 


the extent of the fire resulting from the explosion of flammable gases and vapor 
in the Preble Box Toe plant. Approximate scale, 1 in.—85 ft. 





Fire Protection. 
Safeguards from fire were meager, the only inside protection consisting of 


several foam extinguishers. Apparently an attempt had been made to have the 
electrical equipment conform to the standard for hazardous occupancies. 
Lights were all said to have been enclosed in vapor proof globes. Most of the 
wiring was in conduit and some of the motor switches were located outside the 
main room in the partially cut off boiler room. There were, however, several 
snap switches in the main room, as well as a motor starting box. There were 
three small A.C. motors located on the ceiling and several small window fan 
motors, none of which were of the vapor proof type. 
Story of the Fire. 

In accordance with the regular practice, sheets of cloth, soaked with the 
pyroxylin solution, were festooned on the frames to dry from the heat from the 
steam coils. In the morning, when the factory was opened at 7:30, it was the 
custom to open the doors and windows and air the place out with the blower. 
The weather the morning of the fire was damp and misty, a fact which tended 
to keep the fumes confined within the building. 
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Concrete block end wall blown into street as a result of explosion of flam- 
mable vapor in the plant of the Preble Box Toe Co., Lynn, Mass. 


At 7:34 A.M. a fire occurred in the northerly end of the building, closely 
followed by a terrific explosion which blew out the entire north wall and 
caused the collapse of a portion of the roof at that point. The flames shot across 
Groveland Street for a distance of 120 feet, acting much like a huge blow- 
torch, and ignited four frame dwellings. Other dwellings on either side of the 
factory were also ignited. Flames shot into the Blaney dwelling, next to the 
factory, with particular violence and this dwelling was immediately enveloped 
in flame. The first explosion was followed by subsequent explosions of lesser 
violence, due apparently to gases formed by the decomposition of the pyroxylin 
in the coated fabric, of which there was a large quantity near where the fire 
started, and possibly in vapors of solvents or from the drums of solvents. 

Of the fifteen male employees who were in the plant, thirteen lost their 
lives. Four of them were blown out on Groveland Street, burned to death, three 
were crushed under the crumpled walls and fallen roof in the north end of the 
building, and three ran out onto Brookline Street, living torches of fire. Two 
others were burned to death just outside the plant on Brookline Street, and 
another was found just inside the doorway. 

On the first floor of the Blaney dwelling there were a father, mother and 
seven children seated at breakfast when the blast of flame shot into the house. 
The mother and four children attempted to leave by the rear door, but were 
overcome and burned to death. They were found huddled together at the foot 
of a short flight of stairs leading to outdoors. The father and two boys escaped 
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Rear of the Preble factory, showing the proximity of the Blaney dwelling, 
where seven lives were taken by the burst of flame following the explosions. 


by the front door into Groveland Street, but the father returned and rescued a 
sixteen-year-old daughter. Both were so seriously burned that they died later 
at a hospital. The two boys were slightly burned. 

On the second floor of this dwelling was an elderly lady. She was slightly 
burned and received injury by broken bones from jumping from a window. 

A fire alarm was promptly given from several fire alarm boxes in the 
vicinity, and a second alarm and general alarm quickly followed. The fire 
department quickly subdued the fire with a dozen water lines from their 
pumpers, and it was brought under control within thirty minutes. With the 
exception of the Blaney house the fires in the dwellings were not severe. The 
appearance of the dwellings, however, gives ample evidence of the intense heat 
to which they were subjected. 

From the foregoing statements it is obvious that the hazards of the plant 
were severe, and there were many undesirable features and defects present, 
any one of which might have caused this fire or explosion. Among these were: 
storage of large quantities of pyroxylin scrap in barrels and wooden boxes, 
some of which were piled near steam pipes; storage of cotton flannel and 
drums of solvents against steam pipes; improperly installed electrical equip- 
ment; an opportunity for sparks, both mechanical and electrical which might 
have ignited the flammable vapors present; lack of safety cans or covered 
tanks for the handling of flammable liquids. 
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Looking across Groveland Street from the rear of the Preble factory at Lynn, 
Mass., showing the scorched and blistered paint on dwellings, evidence of the 
extreme heat. 


From the evidence of injured persons, who were interviewed at the hos- 
pital before they died, it appears that an employee in some manner dropped a 
lighted cigar butt into a wooden rubbish barrel containing some pyroxylin 
scrap. Whether this happened as a careless gesture on the part of the employee 
in flicking the ashes of his cigar into the barrel, or whether, as was indicated 
by another witness, the employee put his cigar down on a stand and the force 
of air from the blower just started blew it into the barrel, will probably never 
be definitely determined. It seems apparent, however, that there was a fire 
just prior to the explosion, and an unsuccessful attempt was made by em- 
ployees to extinguish the flames. 

From this point on the progress of the fire was rapid. The heat and flame 
from the burning contents of the barrel apparently decomposed the pyroxylin 
scrap in boxes and barrels near by, thus forming explosive vapors, which, 
added to the flammable vapors already present in the building, exploded with 
terrific force, pushing out the rear wall, and was followed by a blast of flame. 

The quick burning of the gases resulting in the intense blast of flame 
probably exhausted most of the oxygen in the building soon after the explo- 
sion, leaving little to support further combustion, so that there was relatively 
little fire inside the building. The dip tank, churns and most of the drums 
other than those in the northern end of the building did not ignite or explode, 
and woodwork and rolls of cloth were only slightly burned or charred. 

The property loss to the plant is estimated at $30,000. Four dwellings 
were damaged to 50% or more of their value, and four others were slightly 
damaged. 
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Lessons of the Fire. 

Failure to recognize and properly safeguard industrial hazards achieved 
in this instance its most tragic consequences. The great cost in human lives 
should give particular emphasis to the lessons. 

In the first place adequate means should have been provided for the 
removal of flammable vapors. Drying operations should have been carried 
on in a separate enclosed room with adequate ventilation to outside air, with 
proper provision for the induction of fresh air. Ventilating fans were provided 
but were of insufficient capacity, and proper provisions for the ingress of fresh 
air were lacking. 

Smoking or the carrying of matches into a plant of this character should 
have been strictly prohibited. From the evidence presented at the state fire 
marshal’s inquest, it appears that it was a common practice for officials and 
employees to smoke in the office of the factory immediately adjoining the 
workroom. 

Pyroxylin scrap should be stored in detached buildings having sufficient 
gas vent area and protected with automatic sprinklers. Volatile solvents 
should not have been stored in the same area with manufacturing processes, 
and the two hazardous manufacturing processes should have been carried on 
in separate rooms. As indicated above, the drying operations should have 
been kept separate from the mixing processes. 

Flammable liquids should have been stored in outside underground tanks 
and handled by pumps, or in drums in a detached building, with only small 
amounts in safety cans brought into the main workrooms as needed. 

The electrical equipment should have been properly safeguarded and 
installed strictly in accord with the National Electrical Code for hazardous 
occupancies. Although it was claimed that all lights were enclosed in vapor 
proof globes, there was at least one light not so enclosed at the Brookline 
Street end of the mixing room. 

The employees should have been instructed to leave the building at once 
at the first sign of fire. Had this been done the loss of life might have been 
much less. 

Sprinklers are valuable protection in this type of occupancy, even though 
in occasional instances explosions might break some of the piping before the 
heads open. It is important, of course, in this as in other occupancies, to 
catch a fire in its incipiency, and in this particular occupancy it may require a 
thermostatically controlled open head system. 

The plant in question failed to comply in many respects with the 
N.F.P.A. regulations covering occupancies of this type. 

Adequate regulations covering such hazardous processes, with the require- 
ment of annual permit, and systematic and rigid inspections, will go far toward 
eliminating the probability of such disasters. 








296 HOSPITAL AND INSTITUTION FIRES. 


Hospital and Institution Fires. 


Fire protection and fire prevention from a safety to life standpoint should 
have the strongest appeal in connection with the protection against fire and 
elimination of fire hazards in those classes of buildings occupied by the sick 
and the aged, who, because of their condition cannot quickly seek safety in 
event of fire; and children who are dependent upon their elders for providing 
safety and cannot provide it themselves. 

That this appeal has been disregarded and that these serious respon- 
sibilities have been sometimes deplorably neglected by those in charge of the 
buildings and lives entrusted to their care is plainly indicated by the reports 
of the 184 fires in hospitals and institutions on file with the N.F.P.A. Depart- 
ment of Fire Record. The reports on which this record is based are those of 
fires since September 1, 1915, and while the number of fires reported to the 
N.F.P.A. is but a small fraction of the total number that have occurred during 
this period, the volume of data is sufficient to draw general conclusions as to 
the predominating causes of institution fires, the loss of life, the effectiveness 
of protection and like details. 

The National Fire Protection Association has constantly emphasized the 
importance of institution fire safety and has consistently advocated fire- 
resistive hospital and institution buildings with proper exits, special fire pro- 
tection for existing buildings, particular care in fire prevention and the various 
other measures applying. A code for the proper construction and exit arrange- 
ment of institution buildings has been developed by the Association through 
its Committee on Safety to Life, educational pamphlets on this subject have 
been published, and the QuARTERLY has regularly printed reports on important 
institution fires. 

Safety to life in buildings of this occupancy requires: (a) Proper con- 
struction of buildings; (b) Adequate exits; (c) Careful housekeeping and pro- 
tection of fire hazards; (d) A competent, trained staff having adequate per- 
sonnel on duty at all times. 

The modern trend in hospital and institution building construction repre- 
sents a distinct improvement in construction over that prevailing a decade or 
more ago. Many of the more recently built institution buildings are of first- 
class fire-resistive construction with adequate fire protection. But there are 
still a large number of institutions being built in which fire safety has not 
received sufficient consideration; where the exterior walls are of substantial 
construction, giving the semblance of fire safety, but where the interior is 
“built to burn.” Likewise in some cities much has been done to improve the 














HOSPITAL AND INSTITUTION FIRES. 297 





P. and A. Photo. 


Ruins of Home for Incurables, Paremus, N. J., destroyed by fire December 14, 
1925. One hundred and eighty helpless patients were hastily evacuated from the 
building. 
safety of the older buildings. Some of the more dangerous structures have 
been abandoned altogether for institution purposes, others have been provided 
with automatic sprinklers, and other fire safety measures have been taken. 
But institutions continue to burn at the rate of one a day, according to the 
statistics of the National Board of Fire Underwriters. 

Ample information is available in the publications of the National Fire 
Protection Association as to the proper construction and protection of institu- 
tion buildings. Anyone who wishes to construct a fire-safe building or to 
remodel an existing building in the interest of fire safety can readily obtain 
information as to the best methods to follow. Unfortunately there still are 
many who have no conception of the seriousness of the fire problem and who 
must be shown detailed evidence before they can be persuaded to act to safe- 
guard the sick, aged and dependent of their communities. This detailed 
evidence, the fire record, is familiar to all those who have made a particular 
study of this problem. The records of hospital and institution fires assembled 
on the following pages are not intended as the presentation of new data, but as 
a compilation of the fire experience in form available for convenient reference. 

Safety to life from fire in hospital and institutional buildings requires that 
the superintendent and staff give attention to and take adequate measures to 
meet their responsibilities in all details affecting the fire safety of patients, 
which is often lost sight of where the needs for medical attention and care of 
patients absorb the attention of those in charge. Those in authority should be 
made to realize that the protection of the sick and helpless against loss of life 
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by fire or smoke is a responsibility of importance comparable to that of 
medical attention. 

The material on the general subject of fires in institutions has been sub- 
divided into a number of separate articles: famous institution fire disasters 
where major losses of life have occurred; a tabulation and statistical analysis 
of loss of life in institution fires; detailed records of other typical fires where 
loss of life has occurred; a comprehensive analysis of fires, including tables of 
causes, classes of buildings, places of origin of fire and the like, and selected 
reports of typical fires illustrating points of special interest, such as the hazard 
of X-ray film, the effectiveness of sprinklers, and the value of fire drills. 


Famous Institution Fires. 


Five institution fires in which one hundred and seventy-two deaths 
occurred are described in detail in this article. There are included here the 
three major fire disasters of the past five years and the two previous institution 
holocausts to which reference is most frequently made. These fires have been 
selected for more complete treatment than can be given the other loss of life 


fires recorded in the following pages. 


The Grey Nunnery, Montreal, P. Q., February 14, 1918. 


A portion of the fifth floor of the west wing of the Grey Nunnery, in 
Montreal, was destroyed by a fire occurring in the early evening of February 
14, 1918, resulting in the loss of life of fifty-three babies. 

The home was a large stone building, occupying an entire city block, and 
part of it was occupied by convalescent soldiers. There were about one thou- 
sand persons in the building—two hundred returned soldiers, many nursing 
sisters, nuns, crippled people, aged and children. Although many of them were 
stretcher cases, all adults were taken out of the building without loss of life. 
Several of the returned wounded men, however, were seriously injured by 
falling débris before they could be reached by the large army of rescuers. ‘A 
dozen or more had to be carried from the second and third stories on beds. 

The fire started on the top floor, near the tower, and immediately ignited 
the curtains of a near-by window, from which it spread rapidly throughout the 
wooden interior. The returned soldiers who were not confined to their beds 
lent their efforts to the rescue work. When the first fireman arrived the 
soldiers were already at work, at great risk to themselves, in handing children 
down the fire-escapes. Nearly the whole upper floor was then ablaze. The 
firemen rushed in and seized children right and left. A sudden gust of flame 
and smoke which burst from the tower made it impossible to reach children 
still lying in their cots in that part of the building, but only upon the definite 
orders of the fire chief were the soldiers debarred from attempting fur- 


ther rescues. 
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West wing of Grey Nunnery, Montreal, after the fire of Feb. 14, 1918. In 
spite of unusual heroism on the part of nuns and convalescent soldiers, more than 
fifty children perished. Lower picture shows room from which firemen removed 
forty little bodies. 
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All of the top floor was occupied by babies in cots, some of them only a 
few days old. These were the infants lost, all the older children, who were in 
another part of the building, being saved. When the firemen had, after valiant 
work, got the fire under control, all the southern part of the top story had been 
destroyed and a great deal of damage done to the remaining part of the west 
wing. After the fire was extinguished thirty-eight little bodies were taken from 
the débris, and on the following day fifteen more were found. 


Central Oklahoma State Hospital, April 13, 1918. 


The Central Oklahoma State Hospital for Insane, at Norman, Oklahoma, 
was partially destroyed and thirty-eight inmates were cremated in a night fire 
which occurred on April 13, 1918. 

The fire was discovered by the night watch in Ward 14 and by a negro 
inmate in Ward 15 (second floor) about 3:45 a.M., in or near a linen closet 
which was near the middle of the building on the first floor. Three wards and 
the general dining hall were totally destroyed with their contents; thirty-seven 
of the inmates of Ward 14 and one of Ward 15 (37 white and one negro) 
were cremated. The value of property burned was estimated at between 
$40,000 and $50,000. 

The cause of the fire is unknown, some thinking it might have been caused 
from electric wiring, but there was nothing to substantiate the supposition 
except the absence of any other apparent cause to which it could be attributed. 
No electric lights were installed in the linen closet in which fire is supposed to 
have originated. A slight lightning storm was brewing at the time of fire, but 
no serious electrical disturbances were noted at or previous to the discovery of 
the fire. Upon discovery of the fire a general alarm was sounded by a steam 
whistle at the hospital power plant, and all ward watchmen, nurses and other 
employees proceeded to fight the flames with hand chemical extinguishers and 
one hose stream. Every effort was made to first get the inmates out of the 
burning and exposed buildings. It was claimed by the Norman public fire 
department that they were not called until about 4:15, or until after the fire 
had been in progress probably thirty minutes. During the fire a moderate 
wind was blowing from the southeast, and, but for the good work of the public 
department with the pumping engine, probably several other buildings would 
have been destroyed. 

From information obtainable, it would appear that the fire was fought as 
satisfactorily as could be expected in view of the fact that removal of the 
inmates in the wards destroyed was a very slow and tedious procedure, due to 
their very inferior mental and physical condition. Due to the flimsy and 
rapidly combustible construction of buildings involved, the flames spread very 
rapidly, being fanned by a moderate southeast wind. It would appear that 
quite unnecessary delay was experienced in turning in the alarm to the public 
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fire department, but no information was available as to the cause of this delay. 

In the wards in which the fire originated and in which all the lives were 
lost, there was a total of 86 inmates—37 on the first floor and 49 on the second 
floor—one inside and one outside stair being available for exit from the second 
floor. All of the inmates of the lower floor were cremated and one from the 
second floor. The inmates of the lower floor being of the very lowest mental- 
ity, quite a large number of them were gotten out only to rush back imme- 
diately into the burning building. It is claimed that one night watch is sta- 
tioned in each ward, but no approved clock service was employed and no 
record was obtainable on effectiveness of this service. 


Manhattan State Hospital, New York, February 18, 1923. 


The Manhattan State Hospital on Ward’s Island contains over six thou- 
sand inmates and is one of the largest institutions for the insane in the world. 
The main structure, in which the fire occurred, was fifty years old and so built 
as to facilitate the rapid spread of fire. It had accommodation for 2,200 
patients and there were about 1,600 in the building at the time. 

In 1920 the National Board of Fire Underwriters made a survey of the 
institution and at that time recommended the installation of automatic sprin- 
klers and other safeguards, pointing out that the buildings were lacking in fire- 
resistive features and contained blind attics and other concealed spaces which, 
together w:th the absence of protection for communicating passages and 
vertical openings (such as stairways and shafts), made the structures veritable 
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The ruins of the Manhattan State Hospital, a typical institutional building. 
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The fatal corridor on the third floor of the Manhattan State Hospital for the 
Insane on Ward’s Island, New York Harbor, where twenty-seven persons met 
death on February 18, 1923. 


fire traps. The engineer of the Board also stressed the inadequate and unre- 
liable water supply and the poorly equipped fire-fighting force. 

The superintendent of the institution recognized the fire hazard and had 
repeatedly tried to obtain more adequate apparatus and other assistance from 
state and city authorities. The island’s fire department consisted of a fire chief 
and ten attendants who were detailed for fire service although they also had 
other duties. The equipment consisted of a motorized fire engine, an ancient 
horse-drawn engine, a hose cart and a hook and ladder truck. 

The fire was discovered at 5:05 o’clock in the morning of February 18, 
1923, by an attendant. An electric light went out and he noticed that the 
metal ceiling above was red hot. The attendants had the presence of mind to 
give the “all out for breakfast” call and succeeded in getting many of the 
inmates into the dining room out of danger before the flames burst through the 
ceiling. From then on the rescue work became more difficult, as - patients 
became excited and had to be dragged out by attendants. 

The rescue work had been progressing rapidly when a large water tank in 
the attic fell through the ceiling and blocked the corridor. Firemen were 
unable to penetrate beyond the tank. There was a fire escape at the other end 
of the corridor, but the victims were apparently unable to reach it through the 
smoke and flames. Twenty-two patients and three attendants were burned to 
death. Two other patients died of exposure after being removed to 
another ward. 
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The fire fighting was hampered by the zero weather and the extreme 
difficulty in getting apparatus to the scene. The New York City force had to 
go to the fire without equipment, as there was only a small ferry, of insufficient 
capacity for fire apparatus, to the island. Fireboats had to run hose lines for 
nearly half a mile before water reached the fire. In spite of these handicaps 
the fire fighters, aided by fire walls, succeeded in confining the fire to the two 
upper floors of the west wing. The fire was not completely extinguished until 
noon, having raged for more than seven hours. The property loss was esti- 
mated at more than $200,000. 


Illinois State Hospital for Insane, December 26, 1923. 


A fire which occurred during the evening of December 26, 1923, in a 
group of joisted frame buildings, part of the Illinois State Hospital for the 
Insane at Dunning (just outside of Chicago), caused the death of eighteen 
persons. 

The past history of this institution is interesting. In 1912 the superin- 
tendent had called attention to the serious conditions then existing. On August 
23, 1911, one of the buildings had been destroyed by fire. On January 17, 
1912, another building burned to the ground. This building, built in 1870, 
had been condemned in 1908, but was forced back into use without remodeling 
because of overcrowded conditions. On May 4, 1914, another building was 
burned. On October 16, 1916, two barns on the grounds were destroyed by 
fire. On December 11, 1918, the tuberculosis ward, with 400 patients inside, 
took fire. The patients were rescued with great difficulty. After this fire the 
ward was rebuilt the same as before. 

The scene of the fire was a group of six one and two-story frame buildings 
communicating through one-story frame passages 30 to 50 feet long. The 
central building was occupied as a dining room on the first floor and a 
dormitory above. The area was approximately 5,500 square feet. There was a 
two-foot unused space under the lower floor. Floors were double one inch 


Plans of the buildings involved in the Dunning Insane Asylum fire. 
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boards on ordinary joists. The walls and ceilings were wood sheathed. The 
roof was prepared roofing on one-inch boards on ordinary joist and wood truss. 
Annexes 3, 4 and 5, which were destroyed, were one-story structures similar 
in construction to the dining hall portion and covering an aggregate area of 
approximately 10,000 square feet. The passageways were one-story frame 
with an approximate area of 6,200 square feet. The annexes were used for 
dormitories. Each dormitory was provided with wooden bins in which the 
patients’ clothes were stored, and small enclosures in which mops, brooms and 
cleaning materials were kept. 

The buildings contained about 300 patients, mostly epileptic, but some 
violently insane kept on the second floor over the dining room. Many of the 
patients had received Christmas cigars and cigarettes and they were allowed to 
smoke in the buildings without restriction. The mop closet in each dormitory 
contained polishing mops made of six-inch pipe wrapped with discarded bed 
linen and blankets. Paraffine wax was rubbed on these mops, which were used 
for polishing the floors. The buildings were heated by steam, the radiators 
being covered with wire mesh and sheet metal guards. 

A private hose reel with 300 feet of hose was kept in a frame shed located 
within 150 feet of where the fire started. A city hydrant was approximately 
300 yards distant. The nearest city engine company was 34 miles away. No 
watch service was maintained. A few 24-gallon soda-acid extinguishers 
were provided. 

The fire was discovered at 5:40 P.m., when all the patients were at supper 
in the dining room, by a patient who habitually stayed behind to say prayers. 
It started in the mop closet in Annex No. 5. The cause has not been definitely 
established, but it is probable that spontaneous ignition of the mops or defec- 
tive electric wiring was responsible. The patient immediately shouted “fire” 
and a nurse in the dining room telephoned to the operator in the Administra- 
tion Building, who sent the alarm to the power house, where a siren was 
sounded. A city fire alarm box located in front of the Administration Building 
was pulled at 5:41 p.m. The fire spread rapidly and the patients in the dining 
room were hustled out of the building and lined up outside. There were only 
eighteen guards to handle the patients, some of whom were violently insane 
and all of whom were panic stricken. The doors of the dining hall opened 
inward, creating a jam, and the lights went out, adding to the confusion. A 
number of the patients eluded the guards and ran back into the building to 
save personal belongings. Most of these burned to death. A caretaker and his 
wife, who had rooms on the second floor over the dining room, went back to 
get their eight-year-old son. They remained to pack up some belongings and 
all three perished. 

The guards marched the patients to the Administration Building. On the 
way the violently insane patients bolted and many escaped into the city. 
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Firemen digging for bodies in the ruins of the Illinois State Hospital for the 
Insane. 

Three men broke out of the line and ran back into the building and locked 
themselves into a lavatory on the second floor. Policemen entered and broke 
down the door and were able to force the patients down ladders to safety. 

The private fire brigade had a fairly good hose stream playing on the fire 
when the city department arrived, but the buildings were all aflame and some 
walls were already falling. The wind had been blowing from the southwest 
and sweeping flames directly toward the other wards, but fortunately at this 
time it shifted and the firemen were able to save annex buildings one and two. 
Seven engine companies and four truck companies responded to the fire. The 
roads had been transformed to deep mud on account of a heavy rain and great 
difficulty was experienced in moving the apparatus. Fourteen bodies were 
found in an area of approximately 300 square feet at the rear of the 
dining room. 


Hospice St. Charles, Quebec, P. Q., Dec. 14, 1927. 


The Hospice St. Charles in the City of Quebec was visited by fire on the 
evening of December 14, 1927, with the loss of thirty-seven lives. The victims 
were children, the majority of them being little girls between five and nine 
years old. 

The Hospice St. Charles was an orphan asylum consisting of a main 
building built in 1831 and an annex consisting of two adjoining parts built in 
1920 and 1925. At the time of the fire there were three hundred and seventy- 
one children asleep in the various dormitories and about twenty sisters in 
charge. While this institution is designated as an orphanage, it served also as 
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The Hospice St. Charles, a Quebec orphanage, burned on the night of Decem- 
ber 14, 1927. Thirty-seven children were burned to death in this building, despite 
heroic attempts at rescue. The building, like many others of its class, had sub- 
stantial exterior walls, but a highly combustible interior. Fire started in the 
basement and spread rapidly through rubbish chutes and up open stairways. 

a school, and the three hundred and seventy-one children included many with 
living parents whose frantic efforts to find their children added to the con- 
fusion and intensified the horror of the catastrophe. 

The exterior walls of the building were of stone. The interior was of 
wooden joisted construction. The central portion was four and one-half stories 
high and the two wings were three and one-half stories high. With open stair- 
ways and open refuse chutes leading from the various floors to the basement, 
the interior construction of this building favored the rapid spread of fire. 
There were three wide stairways, and two iron fire escapes were provided on 
the rear of the building. 

Between 8 and 9 P.M. one of the sisters made an inspection of the build- 
ing and found everything in order, with no indication of smoke or fire. The 
exact time and point of origin of the fire are not definitely known, but it is 
clearly established that the fire started in the basement and there is a strong 
probability that it originated in a room which was used for storage purposes. 

According to custom all children and the sisters had retired at 9 P.m. 
About 10:45 one of the sisters was awakened by the crackling sound of burn- 
ing wood and she immediately rushed to give the alarm, which consisted of 
ringing the assembly bell. Others were apparently awakened by the smoke 
about the same time, and the testimony indicates confused shouting and cries 
of fire throughout the building. 

The sisters marshaled their charges in the several dormitories and started 
them out of the building. Had it not been for the good discipline which appar- 
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ently prevailed it is probable that the loss of life would have been much larger. 
The smoke filled the building rapidly and the corridors and stairways were 
soon impassable. A large number of those rescued were taken down ladders 
by the fire department; some jumped or were thrown from the windows and 
were caught in life nets. It is not clear how many escaped by the different 
exits, but there is definite testimony that one of the fire escapes was used 
effectively during the early stages of the fire. 

Apparently the greater part of the loss of life occurred in the section of 
the building directly over the point of origin of the fire. One of the sisters 
testified that many of the children from five to nine years old who lost their 
lives had returned to certain death in the dormitories after having been started 
toward the exits. There is a report that as one group of children marched 
from their dormitory they were met by a cloud of smoke from which they 
recoiled and retreated to their beds, shortly to be suffocated there. 

The heroine of this fire, Rose Anna Gaudreault, was a young girl of 
seventeen who lost her life in an attempt to rescue the youngest of the chil- 
dren of whom she had charge. When last seen she was mounting the stairs to 
go to the children on the third floor. Nearly two hours later her body was 
found in a corridor on the third floor, near the entrance to a room where 
several little girls were found dead on their cots. 

The first alarm for this fire was transmitted from a box located in front 
of the main building. This box was “pulled” by a passer-by at 10:48 p.m. 
A second alarm was turned in by a policeman at another box at 10:55 P.m., 
and a general alarm was turned in by a deputy chief of the fire department at 
10:56 p.m. On arrival of the first section of the brigade, heavy smoke was 
found issuing from the basement windows, also flames from the roof on the 
southwest side of the building. Lines of hose were immediately laid from 
hydrants about 250 feet distant and carried through the yard at the rear of 
the building to the basement. Water is stated to have been turned on with- 
out delay, but the use of the streams was abandoned at the outset, firemen 
turning their entire attention to the work of rescuing the many children 
reported to be confined in the building and who at first were understood to 
have been safely removed. 

Men responding to the second alarm also united with those already 
engaged in rescue work. Nine or ten ladders were unshipped from trucks by 
this detachment and thrown over the high iron fencing surrounding the build- 
ing grounds. This unusual procedure was due to the fact that trees and heavy 
accumulations of snow prevented trucks from being readily driven into the 
grounds, and was the cause of considerable delay in erecting ladders against 
the building. Two aerial trucks, for use on the central or higher portion of the 
building, subsequently entered the grounds through the main gateway but were 
only suitably placed after some trees had been cut down. 
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About the time the general alarm was transmitted two lines of hose were 
laid directly from a hydrant located in the grounds opposite the main entrance 
of the building. These lines were carried up ladders and water directed 
through windows on the upper floor. Attention was next directed to laying 
additional lines directly from near-by hydrants and the placing of pumping 
engines. With engine and direct hydrant streams in service, the fire was fought 
from the street level, roof of the kitchen at rear, taking lines of hose into the 
second story of the building and up ladders raised for the purpose. During the 
course of the fire the temperature was moderate and there was little or no wind. 

Indications are that most of the victims who lost their lives were killed 
by suffocation rather than by burns, although after the fire it was found that 
many of the bodies were so badly burned as to make identification difficult. 
Most of the children died in the building, but two of those rescued alive died 
later in a hospital. The coroner’s jury in its investigation of the disaster 
returned a verdict of accidental death, but added to its verdict a demand “that 
more effective supervision be required during the night, and that automatic 
sprinklers be installed in all buildings of this kind.” 


Loss of Life in Institution Fires. 


In compiling the fire record of institutions printed on page 319 there were 
found to be thirty-three fires in which loss of life occurred. These fires include 
the well-known institution holocausts as well as numerous fires in which only 
a few people were killed. It is by no means a complete list, but includes 
enough fires to permit generalization as to the factors causing these losses of 
life. A number of fires are included in which employees, nurses and firemen, 
rather than patients or inmates, were the victims. The list of fires classified 
by occupancy, using the classification chosen in discussing the general fire 
record of institutions in this issue, follows: 

Almshouses. 
Allegheny County Almshouse, Angelica, N. Y., March 15, 1923. Two men and seven 
women lost their lives in a fire caused by a gas explosion. 
Poorhouse, Pepperell, Mass., March 30, 1926. Woman crippled by rheumatism was 


suffocated in her bed. 
Homes for Aged. ; 


Masonic Home, Wichita, Kans., Dec. 22, 1916. Boiler improperly installed fell fro 
supports, causing fire in which five elderly persons lost their lives, together with a young girl 
who returned to building for her belongings. 

Lynn Home for Aged Women, Lynn, Mass., Feb. 23, 1920. Janitor dropped match in 
rubbish which had accumulated in basement. Four elderly women were suffocated before 


they could be rescued. 
Miscellaneous Homes. 


Salvation Army Industrial Home, Cincinnati, O., Dec. 16, 1913. Five men killed in 
fire of incendiary origin. 
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Wayne County Insane Asylum, Elloise, Michigan, after the fire of March 27, 
1923. Substantial walls gave the semblance of fire safety. Two hundred patients 
were marched to safety; two lives lost. 


Orphanages. 

St. Francis Girls’ Directory, San Francisco, Cal., Sept. 4, 1915. Five girls lost their 
lives. There were no fire escapes. 

Jewish Orphans’ Home, Shawbridge, P. Q., Aug. 16, 1922. Midnight fire cost the lives 
of the caretaker, his wife and two children and eight orphans. 

Buckner Orphans’ Home, Dallas, Tex., Jan. 2, 1923. Fire of unknown origin at night 
cost the lives of two children. No fire protection was available. 

Catholic Mission, Lewiston, Ida., Oct. 4, 1925. Oil lamps used to save electricity. 
One “exploded” and started fire which cost lives of six boys. 

Northern Pier Orphanage, Harrison Valley, Pa., Jan. 7, 1927. Explosion of heating 
equipment cost life of one child. Child was ill with measles and overcome by smoke. She 
died in hospital the following day 

Baptistine Sisters of Nazarene, Peapack, N. J., Nov. 8, 1927. Three children trapped 
in building lost their lives. 

Hospice St. Charles, Quebec, P. Q., Dec. 14, 1927. Thirty-eight children were burned 
or suffocated in an incendiary fire which destroyed a large portion of the building. 


Hospitals. 

Harney County Hospital, Burns, Ore., Oct. 29, 1915. One patient burned to death in 
fire caused by match thrown into wood-box. 

Grey Nunnery, Montreal, Que., Feb. 14, 1918. Sixty-three babies lost their lives in fire 
which destroyed upper floors of building. 

Telfair Hospital, Savannah, Ga., March 8, 1920. Vapor lamp overheated and set fire to 
baby’s crib. Child died. 

Deer Island Prison Hospital, Boston, Mass., May 20, 1921. Two trusties lost lives by 
being overcome by smoke. One was on the roof and fell in the building, the other was 
in the building. 

Vista Grande Health Resort, San Jose, Cal., March 7, 1922. A patient, partially in- 
capacitated, attempted to get out of bed, overturning oil heater. She lost her life and 
another was severely injured. 

Essex County Tuberculosis Hospital, Middleton, Mass., March 29, 1922. Current was 
left on electric flat iron all night in nurses’ room, causing fire which destroyed top floor of 
dormitory and cost life of one nurse. 


LOSS OF LIFE IN INSTITUTION FIRES. 311 


Hospital for Incurables, Montreal, Can., March 15, 1923. One patient died from the 
effects of the fire. 

Hospice Gamelin, Montreal, P. Q., Jan. 4, 1924. Fire was caused by defective elevator 
motor. One patient died from shock after removal from building. 

Scobey Hospital, Boston, Mass., Jan. 4, 1925. Fire started from short circuit of wiring 
on Christmas tree. One patient lost her life when all means of escape were cut off. 

Isolation Hospital, Bridgeport, Conn., March 26, 1926. Patient removed from building 
died from exposure and shock. 

Penobscot General Hospital, Oldtown, Me., April 6, 1926. Employee overcome in 
attempt to escape from room on third floor. 

Ramsey County Preventorium, Lake Owasso, Minn., April 10, 1927. Fireman trapped 
in burning building was so severely burned that he died soon after being rescued. 

Memorial Hospital, Albany, N. Y., March 17, 1928. Eight deaths occurred following a 
fire in which fumes from burning films were liberated in hospital building. At least three 
or four deaths were probably due to the inhalation of fumes, while one was known to be 
due to exposure and heart attack. 

Insane Asylums. 

Connecticut Hospital for Insane, Middletown, Conn., Jan. 10, 1918. Five patients lost 
their lives in early morning fire which originated from unknown cause in attic. 

Central Oklahoma State Hospital, Norman, Okla., April 13, 1918. Three wards and 
dining hall destroyed. Thirty-seven white patients and one negro patient lost their lives. 
Many of them had been gotten out only to rush back again into the building. 

Ohio State Hospital, Gallipolis, Ohio, March 10, 1920. Patient confessed to setting fire 
which caused nine patients to be suffocated. 

Walter Reed Hospital (Psycopathic Ward), Washington, D. C., Dec. 12, 1920. Fire 
was caused by careless smoking by insane patient, who was burned to death. 

Manhattan State Hospital, Ward’s Island, N. Y., Feb. 18, 1923. Fire supposed to have 
been caused by spontaneous ignition of accumulated dust and rubbish in hot air ducts 
caused the death of twenty-two patients and three attendants. 

Wayne County Asylum, Elloise, Mich., March 27, 1923. Tinner’s blow-torch started 
fire which destroyed building and cost lives of two patients who rushed back into rooms. 
The 200 other patients escaped safely. 

Dunning Insane Hospital, Chicago, Ill., Dec. 26, 1923. Fire broke out at suppertime, 
trapping patients in dining room. Fifteen patients, an attendant, his wife, and small child 
were burned to death. 

Hartford Retreat, Hartford, Conn., July 3, 1926. One patient locked in room was 
suffocated to death. Two other patients and two firemen were overcome by smoke, 
but recovered. 

The tables which follow summarize the causes of the loss of life rather 


than the cause of the fire. The tables follow the general plan used in the Loss 
of Life Fire Record (Quarterly, Vol. 18, No. 3, page 296) and the Fire 
Record of Loss of Life in Dwellings (Quarterly, Vol. 20, No. 4, page 385), 
and Loss of Life in School Fires (Quarterly, Vol. 21, No. 2, page 144). Thus 
a fatality due to a fire originating in rubbish in a basement would, depending 
on the circumstances, be classed as “suffocation while asleep” or “inadequate 
exits” rather than as due to rubbish. Where direct fire causes are cited as 
causes of fatalities, this gseans that the loss of life was due to burns or ignition 
of clothing by the originating cause of the fire. The tables are thus prepared 
on an entirely different basis from the usual fire record tables. 
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The loss of life per fire is high, 8.3 persons. This is swelled by the several 
holocausts included in this record, and by the fact that the record is not com- 
plete. This figure is somewhat lower than the figure of 14.1 per fire for schools, 
but much higher than the figure of 2 per fire in dwellings or the figure of 6 per 
fire in other occupancies, as shown by the previously compiled loss of life 


fire records. 
Loss of Life in Institution Fires. 


Mumibes’ of Gres ti wir Uves Wate 108E 6. 6c. ices cece iden scsievceecces 33 
Number Per Cent 
NNN ae aig pasa aS guns oes ke en 81 33.3 
NIN os occ st Seas gre alewesat ene. 32 13.2 
SPea eM EIN C1250 05 ck ds ona ecb RG ereiacerb ‘ee bce 130 53.5 
243 100.0 
ce ee ee. eee 30 
ee aN re RN UN oa sip ue acw:d. ou piv wate aiotel ina sew Snee cane ole 273 
Low ‘of life per fire included in this 2000rd. ...... 0... cscevccesscceedscsee 8.3 
Number of injuries recorded in these fires............0..0-seccessceeccces 16 


The number of injuries recorded includes only those stated in the reports. 
In many cases no statement of injuries was made, and the actual number of 
injured is obviously much greater than 16. 

The following tables are for the most part self-explanatory. In alms- 
houses, homes for aged and miscellaneous institutions there have been few 
serious disasters. This is perhaps due to the fact that in these institutions the 
occupants are not entirely helpless and dependent on others for rescue in case 
of fire. It is in the hospitals, orphanages and insane asylums, both public and 
private, that the great disasters have occurred. As in school fires the majority 
of these have been due to the lack of adequate or properly arranged exits. In 
cases where there was more than one exit available the arrangement was often 
such that the fire cut off both exits. 

In a number of fires the loss of life resulted from the fire starting at night 
while the occupants were asleep. Ill-advised attempts at salvage and re-enter- 
ing the building on the part of insane or mentally weak inmates were the cause 
of numerous losses of life. 


Loss of Life in Institution Fires by Occupancy. 


Lives Lost. 

Total Injuries 

Total Lives No ere 

Fires Lost Men .Women Children Data _ stated) 
PIOUS oan oss wsscv evens 2 10 2 0 4 
Homes for Aged.............. 2 9 2 7 0 0 1 
Miscellaneous ............-.+- 1 5 5 0 0 0 oO 
ION os 6.622 pd '8e Kime ee 7 67 1 1 65 0 0 
I 59 cn: cs ts areia 0 0 13 83 5 13 64 1 13 
Insane Asylums............... 8 99 66 3 1 29 1 


Ee eee re 33 273 81 32 130 30 16 
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Causes of Loss of Life in Institution Fires. 


Fatalities classified according to the immediate cause of the loss of life rather than 
according to the cause of the fire. 
Number of Deaths, 
Alms- Homes Misc. Orphan- Hos- Insane 
Houses for Aged Homes ages pitals Asylums Total 
Construction. 


Fatalities which would have been prevented by superior construction. Cases where loss 
of life is due to failure to escape from a burning building, whatever the primary cause of 
fire, are classified under construction. 


Inadequate exits 4 64 115 
Inadequate exits—barred windows _— _— 41 
Attempt to descend using stairway 2 2 
Fire extending from basement, cut off exits 
Jumped to death from window 
Burned to death while asleep 
Night fire, people asleep, no data as to 

just how deaths were caused 
Suffocated while asleep 


Burns and Ignition of Clothing. 


Classified in accordance with the direct cause of death, including cases where 
died of burns, irrespective of whether or not the building was ignited. 


Burned by gas explosion 
Oil heater upset 


Fire Fighting, Salvage, and Returning to Burning Building. 


Fatalities resulting from remaining in buildings to fight fires which were beyond 
trol, or from entering burning buildings in ill-advised attempts to save valuables. 


Re-entering burning building 
Fire fighting—trapped in building 


Special Hazards. 
Vapor lamp set fire to crib 
Fumes from burning film 


Miscellaneous. 

Patient too ill to be moved 

Died from exposure or due to 
condition 

No data 











LOSS OF LIFE IN INSTITUTION FIRES. 


Other Loss of Life in Institution Fires. 


Almshouses. 

ALLEGHENY CouNtTy ALMSHOUSE, ANGELICA, N. Y., Marcu 15, 1923. 
Seven women and two men perished when a two-story wooden structure, hous- 
ing twenty-four women inmates burned about midnight. The fire started from 
a gas explosion in the basement and so quickly spread that the dormitory 
together with the administration building was a mass of flames. 

The night fireman was killed by the explosion. Six of the women were 
burned to death in their beds and the seventh was killed when she leaped from 
an upper window of the building. The other man who lost his life, an em- 
ployee, was credited with unusual bravery. Three times he made his way into 
the burning building, each time bringing out a woman. On his fourth trip 
back into the structure the floors caved in and he burned to death. 

The almshouse was an old wooden structure forty-five years old. The 
right wing burned in 1918 and was replaced by a concrete addition. This 
resisted the fire, but the rest of the structure was wholly consumed. The 
building was located three miles from the village of Angelica and volunteer 
firemen from the village did not reach the scene until the fire had nearly 
burned itself out. (H-19135.) 


Homes for Aged. 

THe Masonic Home, WicuHiTA, KANSAS, DECEMBER 22, 1916. Fire 
occurred at 1:55 A.m., completely destroyed the building with a loss of ap- 
proximately $200,000, and caused the loss of five lives. The building was 
occupied as a home for old and needy Masons and their orphaned children. 
The building was of stone, two and three stories in height, built in three 
sections not divided by fire walls. It had wooden floors with metal and shingle 
roofing. The building was heated by two steam boilers located in the basement 
near the center of the building. One of the boilers was very poorly supported 
and it seems clear that it fell and broke the pipes which fed fuel oil to the 
boilers from outside tanks. The fire was first discovered by inmates, who were 
awakened by the noise and by smoke in the rooms. A boy, aged 16, who was 
supposed to be in charge of the boilers, had fallen asleep and in his excitement 
on being awakened by the fire, he accidentally cut out all the lights in the 
building instead of shutting off the oil pumps. The oil spread over the floor of 
the basement and the institution was doomed. The firemen responded 
promptly to a telephonic call for aid, and, although they were prevented by the 
extreme heat from gaining entrance to the basement or first floor, they did 
heroic work in rescuing the inmates, of whom there were more than a hundred. 
Five lives were lost despite their efforts,—two old men, two old women, and 
one young girl who returned to the building to get her clothing. (H-12228.) 
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The Snacate ‘Beme in Wichita, Senses, ‘ieleiee ai ‘ied yon — of December 
22, 1917. This imposing structure, which looked safe to a layman, was destroyed 
with a loss of five lives, because of a wooden interior and no adequate fire pro- 
tection. 


HoME FOR AGED WoMEN, LYNN, Mass., FEBRUARY 23, 1920. Fire start- 
ing soon after 6:00 a.m. completely wrecked this structure which was a large 
frame dwelling, approximately 100 years old, converted to (not built for) 
this occupancy. The origin of the fire was attributed to the janitor dropping a 
lighted match in combustible rubbish, with which the floor of a basement 
storeroom is said to have been “littered.” 

Four of the aged inmates were suffocated and many others were rescued 
with much difficulty by firemen. (H-16541.) 


Orphanages. 
SHAWBRIDGE, QUEBEC, AucusT 16, 1922. A fire occurring at midnight 
completely destroyed the Hebrew Orphans’ Home and caused the death of 
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twelve persons, ten of whom were under 14 years of age. The orphanage was 
a three-story frame structure without any fire escape or means of protection 
against fire. There was no fire fighting apparatus in the village. The fire, 
starting from unknown cause, rapidly consumed the building. Twenty-nine 
boys sleeping on a balcony on the first floor were easily rescued. The care- 
taker, his wife and two children, and eight children in an adjoining room on 
the second floor were trapped and burned to death. (H-19073.) 

LEwistTon, IDAHO, OcTOBER 4, 1925. Fire, caused by the “explosion” of 
an oil lamp, in the little Catholic Mission in the Nez Perce Indian Reservation 
took the lives of six orphans. 

The fire started at 10:30 p.m. in the dormitory where thirty-one boys lay 
asleep. The nuns worked heroically to awaken the boys, dragging them from 
their beds. The sisters believed they had escorted all of the boys from the 
building when five of them dashed back to rescue some companion who, they 
thought, was facing death. 

The bodies of the six were found closely huddled together in the ruins. 
The victims were from 5 to 14 years old. (H-22561.) 

PeaPAck, N. J., NovEMBER 8, 1927. Three children lost their lives when 
the dormitories of an orphanage were destroyed by fire while they were asleep. 
All of the children in one of the dormitories were rescued by a sister, with the 
exception of one who wandered off in the smoke toward the fire and was 
probably killed when a section of the floor gave way. In an adjoining dormi- 
tory two other children lost their lives when they wandered away in the 


smoke. (H-25093.) 
Hospitals. 


EssEx CouNTy TUBERCULOSIS HosPITAL, MIDDLETON, MAss., MARCH 
29, 1922. This fire occurred in a hospital building of frame construction 
occupied as a nurses’ home. The fire was discovered by a nurse on the third 
floor. She became excited and confused and fell unconscious. She died from 
extreme heat and breathing heavy smoke. 

The fire originated in a nurse’s room which had not been occupied since 
early on the previous evening. The nurse had asked permission to take an 
electric iron to her room and notwithstanding orders to the contrary, the 
matron had allowed her to do so. She attached it to a baseboard socket and 
when she left, apparently concluded that by turning off the main switch which 
controlled the lights she also disconnected the iron. 

Fortunately there was no further loss of life as the fire did not break out 
until morning. The building was badly damaged. (H-18417.) 

ScosBEy Hospitat, Boston, Mass., JANUARY 4, 1925. A fire, starting on 
Sunday afternoon, when a flash from a supposed short-circuit ignited the 
lower branches of a dismantled Christmas tree, swept the hospital clean, trap- 
ping 18 patients, two of them infants, and snuffing out the life of one woman 
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Fire Engineering. 

The Scobey Hospital, Boston, a private hospital, burned cn January 4, 1925. 
Down these ladders civilians and firemen carried the helpless patients, who were 
mostly “surgical cases.” Those who were able to move crowded out on to the 
small balconies and endured the smoke pouring from the windows behind them 
until rescuers reached them. 


before firemen and their ladders could reach the crowded windows to carry to 
safety the invalids, their nurses and some visitors trapped there. 

All of the 16 adult patients were “surgical cases” and all were confined 
to their beds. That more of them and their attendants and their visitors were 
not burned to death when fire cut off—in less than two minutes—all means of 
escape except the windows, was due to desperate rescue work by nurses, 
doctors, civilians and firemen. 

There were four women engaged in taking down the Christmas tree in the 
front room of the first floor when the fire started. They tried to smother it 
with rugs, but the highly combustible tree, window curtains and wooden trim 
burned with amazing speed and swept up an unenclosed wooden stairway and 
into the adjoining building because the third floor fire door had been fastened 
open. The single fatality was due to the spread of fire through this opening. 

The building had been made over for hospital purposes by taking two 
four-story residences and cutting two doorways through the fire wall that 
separated them. One opening was at the first floor and the other at the third. 
These openings had fire doors which were not automatic, and which were fas- 
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Fire Engineering. 

Scobey Hospital, Boston. Fire starting in Christmas tree decorations spread 
with astonishing rapidity up this unprotected stairway, making it impassable, 
and on through a fire door which was fastened open, snuffing out the life of a 
patient in the adjoining section of the building. 


tened open at the time of the fire. The lower one was closed after the fire 
began, but the upper one, remaining open, permitted the fire to spread to the 
next building, causing the one loss of life and trapping the patients who were 
above the third floor. 

The construction was ordinary brick with joisted frame interior and 
wooden unprotected stairways and a great deal of wooden trim, especially on 
the first floor. In accordance with municipal regulations the basements were 
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sprinklered, but this protection did not extend to the rest of the building. 
(H-21585.) 

CHILDREN’S PREVENTORIUM, LAKE Owasso, MINN., Aprit 10, 1927. The 
building, a large frame structure, was used as a dormitory and had a dining 
hall attached. Fire, which started from an unknown cause, was first seen 
coming through the roof. Firemen entered the building and were trying to 
save some of the contents. While thus engaged one of their number was 
trapped in a room by the falling of part of the floor and ceiling of the attic. 
This blocked the door and knocked him down, igniting his clothing. Although 
stunned, he jumped to the ground where the fire in his clothing was extin- 
guished, but he died from his burns a few hours later. (H-24548.) 


Fire Record of Hospitals and Institutions. 


The files of the Department of Fire Record of the National Fire Protec- 
tion Association contain reports on one hundred and eighty-four institution 
fires, including buildings of all classes used for institution purposes except 
jails and prisons. These latter were not included because a large proportion of 
the fires listed occurred in shops and workrooms, representing the hazards of 
industrial occupancies. Most of the fires recorded here occurred in the past 
ten years—only four of the fires having dates prior to 1917. 

The record is by no means complete and does not include many of the 
small fires which are occurring daily in institution properties. The reports 
from insurance inspection organizations, which are the principal source of data 
on fires in industrial properties, are found in comparatively small number in 
the institution fire record classification. This may be because of the absence of 
insurance on many public or semi-public institutions or because the money 
losses involved are not of sufficient interest to the insurance organizations to 
justify the expense of investigation and the preparation of detailed reports. 
Many of the reports are based on newspaper accounts which have been verified 
by local N.F.P.A. members. Insurance inspection bureau reports are, however, 
the source of data on a majority of the private hospital and institution fires. 

In view of the character of the original data, which include the larger and 
more important fires but not a fair proportion of the smaller fires, this record 
may not be completely representative. The record, however, includes a 
sufficiently broad selection of the important institution fires of the past decade 
so that there can be no question as to the validity of conclusions drawn in 
the tables here. 

The extent of institution fires is shown by figures compiled by the 
National Board of Fire Underwriters, which indicate that fires occur in insti- 
tutions at the rate of more than one a day and that the annual loss in institu- 
tions in the United States alone is over $1,000,000, if the usual allowance be 
made for unreported fires. 











Fire Engineering. 

A typical shingle roof fire in the Midwood Sanitarium, Brooklyn, N. Y., a 
private maternity hospital. The fire shown, June 12, 1928, was the third roof fire 
experienced by this hospital. 


The relative frequency of institution fires can be determined by the fol- 
lowing table, which shows the number of fires occurring in institutions in 
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widely separated communities over a period of ten years. 


City of City of State of 

Year New York San Francisco Massachusetts 
DES pce cutelkress 17 9 —_— 
By bib ain oe kha eaves 30 11 9 
Reece yee dos ewes 306 13 11 
PENS hi ga ks a oie ers 32 12 9 
CEE aves bbs besian 40 8 7 
| Ey Peer 37 20 _ 
RE Sscnse tk ebeu‘ss 37 10 14 
BRK icxe tenes aes 36 4 13 
PN SS a; gra or enim ec 35 15 15 
" MRT Ai ess tities 42 16 20 
342 118 98 


It was interesting to note in compiling these figures that the greater num- 


ber of fires were in hospitals. 


Practically every kind of institution is included in this record. The table 
on the next page shows the number of fires recorded in each type of institution: 








City of 
Baltimore 


71 
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Fire Engineering. 


Methodist Hospital, Brooklyn, N. Y., fire of October 31, 1927. Seventy-eight 
patients were carried to safety. One life was lost. 


Kind of Institution. 
No. Fires 


Almshouses 
Homes for Aged 
Misc. Homes 
Orphanages 
Hospitals 
Insane Asylums 


The next tables show the causes of institution fires, one prepared from 
N.F.P.A. records, and the other supplied by National Board of Fire Under- 
writers. A third table gives similar figurcs for the State of Massachusetts. 
These data, from separate sources, agree as closely as can be expected for sets 
of figures compiled on a different basis: two including a relatively small num- 
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ber of fires classified in accordance with number of fires due to each cause, and 
the other on the basis of money loss and susceptible of distortion by reason of 
one or two large loss fires due to a relatively infrequent cause. 


Fire Losses in Hospitals, Sanatoriums, Asylums, and Homes for the Aged, 
Years 1922 to 1926 inclusive. 


National Board of Fire Underwriters. 


P 1922 P 1923 P 1924 P 1925 P 1926 
roperty Property roperty roperty Property 
Cause Loss Loss Loss Loss Loss Total 


Sparks on roofs $78,912 $115,397 $67,961 $88,680 $100,259 $451,209 


Stoves, furnaces, boilers and their 
63,891 43,004 17,077 55,442 268,749 


Matches—smoking 49,191 31,929 58,010 59,714 227,828 


Chimneys, flues, cupolas and 
stacks, overheated or defective 45,815 40,624 26,474 41,381 55,973 210,267 


Exposure 59,540 57,087 32,400 10,678 31,890 191,595 
Spontaneous combustion 71,109 26,893 14,710 49,911 27,875 190,498 


Electricity (except electric irons 
and similar small devices).... 9,739 51,605 35,085 28,535 27,693 152,657 


Petroleum and its products 26,175 51,820 10,615 23,662 20,642 132,914 


Lightning—buildings rodded and 
not rodded 9,384 33,937 11,182 40,063 14,989 109,555 


Gas—natural and artificial 18,643 38,606 4,882 6,523 442 69,096 


Hot irons (including electrical 
devices) 30,599 1,235 5,516 2,996 2,491 42,837 


Hot ashes and coals—open fires.. 1,616 1,379 14,540 14,635 5,254 37,424 


Friction, sparks occasioned by 
running machinery 9,010 178 6,744 12,013 28,797 


Incendiarism 2,129 817 3,410 837 28,284 
Open lights 4,353 2,396 15,036 1,232 26,762 
Explosions 10,873 3,396 120 108 14,652 
Hot grease, oil, tar, wax, asphalt, 

ignition of 1,651 1,603 1,297 8,183 
Sparks arising from combustion. 1,063 231 2,430 7,290 
Steam and hot water pipes 3,791 167 4,895 
Rubbish and litter 297 1,093 3,498 


Fireworks, fire crackers, balloons, 
25 411 

Miscellaneous—cause known but 
not classified 3,862 23,659 21,489 72,529 


288,570 443,027 309,896 407,252 338,608 1,787,353 


$803,976 $992,146 $660,372 $842,486 $768,303 $4,067,283 
$813,456 
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Causes of Fires in Institutions, State of Massachusetts—1918-1927 Inclusive. 


No. Fires No. Fires 

CRIOO MONIES 5 5:5.5)s oo eic sncg'eis' 20 LAM OF GLOVE UKE s <0 6)5-0/0:5 oe bors 
Sparks from chimney............... 12 BAGUCIOUS MISCMIOT 6: 6565s ovine ctees 1 
Overheated cooking or heating equip- MNES nie. Sic econe aici s os wanee es 1 
ME Pe zg ories eons stirs CaO os Ooke es 11 DEMON iaie ee oh Sa claves ees ee hee as 1 
Careless use of matches............. 9 PBR OF CIRCEEEC TION oo 50500 5 e650 0 wes 1 
PION RUNES. oo cpaesces sec ees 7 Defective heating apparatus......... 1 
Heating or Lighting equipment ignit- BROCE s ekcscecrcas ne seuine Rs sey 1 
WE TET CUANOISE: «6 i005 soko tices ee 5 AMMAR Shops ra sae eases h ihe niscata eas Re 1 
DOTECHIVE CHIMNEY... 665 cece sees 4 Volatile flammable liquids........... 1 
Spontaneous ignition............... 4 Miscellaneous known causes......... 1 
Children and matches.............. 2 MIR ack si baiiniee ce eres nn ete 6 

Sparks from furnaces, stoves, fire- Not stated (1921-22-23 causes not 
SRI a re Gs 5 kasi wen wieto wis 2 RENEE o5si5 < sasikb sare eeee ats 33 
Explosion of lamp, lantern or stove.. 2 127 


The foregoing tables of fire causes indicate that institutions are not par- 
ticularly different from other occupancies, as the more common fire hazards 
head the list. Eight items are responsible for 106 out of 135 fires listed in the 
N.F.P.A. fire record, or 78% of the fires for which the cause is reasonably 
well known. 

Electrical causes lead the list of fire causes with thirty-nine fires attrib- 
uted to this cause. “Defective wiring” as a fire cause is always open to ques- 
tion, and it is possible that in a number of fires in this record in which this 
cause was assigned there may be some doubt as to whether or not it was the 
actual cause. An analysis of fires attributed to electrical causes shows them to 
be classified as follows: 


No. Fires 
III on? Nn a eee Poe be cig bd eh pe eats wee 22 
I NN 6 gie- 05g. 0 bay 0 0A eka Wacol b ee esant owes eee 5 
MOLG MOUNT TRY NMCIINE ok ices cccevcesecescestevecne® 3 
Short cirowit on Christmas tree Tights... 6c cee cee veeescns 2 
Short circuit ignited gas in elevator well...................00005- 1 
a rr 1 
Electric light bulb ignited holiday decorations...................- 1 
SRN NINE NIE oe on op cede cer Oveiee ewe seuseecewesesee 1 
Electric light bulb ignited X-ray film...............ccccescscvecs 1 
NE I bed ig aaa wg EMG 5 eb de KES bw VOT IRS ee we 1 
Arc due to fuse gap bridged with pennies...............2.0.e000- 1 


The number of fires on wooden roofs from chimney sparks confirms the 
already existing evidence that wood shingles are unsuited to use as a roof 
covering. Many of these fires were in institutions located beyond city limits 
or in small towns where a lack of fire protection allowed the complete destruc- 
tion of the building. City institutions and institutions of considerable size are 
ordinarily provided with fire retardant roofings. Roof fires occurred from the 
causes listed on the next page. 
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All that remained of the Hebrew Orphans’ Home, Shawbridge, Quebec, after 
the fire of August 16, 1922. Twelve lives were lost in this three-story frame 


structure. 
No. Fires 


Sparks from chimney 

Sparks on roof from previous fire 

Flue burned out and set fire to roof 

Janitor left slide on waste paper chute open and burning paper 
ignited roof 

Sparks in wood cornice 

Sparks or heat from roofer’s soldering furnace 

Workman using acetylene torch on roof 


Next on the list are incendiary fires. A number of these, the reports 
definitely show, were started by insane or mentally weak inmates. Others 
appear to have been the work of pyromaniacs not inmates of the institutions 
involved in the fire. 

Stoves, furnaces, boilers and their pipes, together with defective oil 
burners and defective chimneys and flues, were the cause of 21 fires. An 
analysis of this group is interesting, as follows: 


No. Fires 
Defective chimneys and flues 7 


Leaky oil burner on hot water heater 1 
Leaky oil piping 1 
Faulty installation 1 
Overheated furnace 5 
Overheated chimney 

Excess heat under range 

Heat from boiler ignited floor 

Heat from gas stove ignited floor 

Explosion in heater 
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Careless smoking and careless use of matches appear as a relatively minor 
hazard, but it is probable that a portion of the fires classed as unknown could 
be accounted for by this cause. Fires from this cause occur both in the service 
sections and patients’ quarters, indicating a fair distribution of the hazard 
between employees and patients. 


No. Fires 
Careless smoking—no specific data..............ccecceescceeeees 2 
Careless use of matches—no specific data...................2 0008. 2 
Rt Ceh SE BED CIN IO ogo no. nicl Wi wee 6 0 Geese ares viele dere 1 
Capnrette ceed Mito Him: GEAWEF «oak 55. io oc oss 0s cece dvwes 1 
Reema REIL OURERMIER 5 70:5" sa cb 6s0h-< 4 stoinie ate RW as eck HO HG Re cares 1 
CAUCEIE AUDIOS THES GUY TAGE. 6.05 oes ks onc oie eee cies ce andeeeens 1 
CAGATSTEE LOE HACK OF TATINGOE . 6a sos. sce cow ceeisisecceenteos ees 1 


Ignition of grease or flammable liquids on stoves is a preventable cause, 
and an indication of poor housekeeping and carelessness. The specific causes 
clearly show this: 


No. Fires 
SNE NOM sos acon w cuca ites te OEE ens ek Faas oS URES OM 
Kettle of syrup in drug room boiled over....................005- 1 
ROE WOK Tl BLOVE TOIINE OWES & 6.5625 -6:0.i oc decvicoibenseaceae estes 1 
Rubbing alcohol ignited while being heated....................... 1 
Medicinal oil ignited while being heated......................005- 1 


Miscellaneous known causes account for seven fires. The following 
analysis of this classification shows these fires to have been largely preventable: 


No. Fires 
ee NIN is Sc ciara oak sip dann ps CRBS eke Sele d a PR eet > 
som ir Geter Bit... oink occa heccvecvecccecusee 1 
Film ignited in motion picture booth...................0e ce ceeee 1 
NNN eae ia ws asd vle he oS Oaks ba ah oe OPW ON. OS OUT 1 
Support for boiler gave way, breaking oil pipes................... i 
Rr EN NS och cle yas io) awe dlew awake dues we sles 2 


The following table indicates the manner of discovery of fire. 


Manner of Discovery of Fire. 
Number of Fires in Each Kind of Building. 


Homes for Misc. Orphan- Insane 

Fire discovered by Almshouse Aged Homes ages Hospitals Asylums Total 
DINE 9 oe oss bab erea tere 3 5 1 14 66 16 100 
Patient or inmate... 6... ...6..% 2 4 2 3 8 4 21 
MIE Gs Alb es ubs sn6o bee ses 3 1 — 5 12 t 20 
IES IRIN... oes ie ess a -= -- — 7 _- 7 
Pes cdr S Save rae oe ore Bote 2 7 = 6 11 1 26 
10 17 3 28 104 22 184 


The discovery of fires by employees has been further analyzed and it has 
been found that of the 100 fires so scheduled six were discovered by watchmen, 
27 by nurses, and 77 by other employees. Further details are lacking, so that 
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definite conclusions cannot be accurately drawn, but it seems obvious that 
employees, as a whole, have not been lacking in their vigilance against fire. 

A brief summary of the time of day of fire indicates that they were about 
equally divided between day and night. 


Time of Day of Fire. 


6 A.M. 
Institution Total Fires to 6 P.M. 
Almshouses 10 5 


Homes for Aged 10 
Misc. Homes 1 
Orphanages 14 
Hospitals 45 
Insane asylums 10 


85 


The time of year of occurrence was divided as follows: 62% of the fires 
reported occurred in the period from November 1 to May 1, and 38% during 


the warmer months. 
Construction of Buildings. 


Number of Fires. 


Homes for Misc. Orphan- Insane 
Almshouse Aged Homes’ ages Hospitals Asylums Total 


Brick or stone walls with wooden 
interior 11 50 14 88 
10 5 70 


Fire-resistive ao 3 1 4 
Not stated 10 2 22 


104 22 184 


The predominating construction of the institutional buildings involved in 
the fires recorded is, as the above table shows, “ordinary construction.” That 
is, masonry walls with wooden interior. About half of the buildings in this 
classification were described as of brick and wood-joist construction—the 
remainder were described variously as “brick” or “stone,” the usual meaning 
of these terms being that the walls were of brick or stone but that the interior 
was of ordinary wooden construction. It is possible that some of these were 
in reality brick-veneered only. It is somewhat less likely, though of course 
possible, that there may be a few fire-resistive buildings included in this 
classification. Usually a fire in a fire-resistive building is a sufficient surprise 
to warrant mention of the type of construction in the report. It may be 
assumed therefore that the majority of these fires were in buildings of com- 
bustible construction. 

Very few of the institutions included in this record were fire-resistive. A 
‘few were partly so: some had fire-resistive walls, corridors, etc., but otherwise 
constructed of wood; some had fire-resistive basements only, and a few were 
fire-resistive except for the roof. 
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a R 





Wide World. 

Soldiers’ Home, Sawtelle, California, fire of July 12, 1927. This is a typical 
example of an institution building of frame construction and without adequate 
fire protection. 


The relatively higher number of frame structures included is due to 
numerous fires in small or private institutions located beyond city fire limits, 
where restrictions as to construction are very meager or altogether lacking. 

The combustible construction was responsible for the complete destruc- 
tion of many of the buildings in these fires. The combustible wooden interiors, 
basements not cut off, stairways unenclosed, all contributed to the spread of 
fire. These fires were difficult to control even where the fire department 
arrived promptly. 
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The following analysis of the losses reported shows how large a propor- 
tion of the fires in this record were severe losses. This is due partly to the 
fact that the N.F.P.A. Department of Fire Record does not receive reports on 
the many inconsequential fires. The generally combustible construction, usual 
delay in discovery of the fire, and frequent lack of fire protection are reasons 
why the loss is ordinarily large when an institution building catches fire. 


Analysis of Losses by Classes of Institution. 
Total Number of Fires 


£ -o 
z 8. & $= § 
3 s§ 2 3 - a3 g, 38 3. 223 
s ds Hz Se S¢ Ge G2 SE g9 SE Rens 
ge 8 ge 88 8% # a3 ig Gs Gs 3233 
zh 60 OU za 3c 38 3s $8 35 42 4a 25r4 
Almshouses ....... 10 $291,743 0 0 2 7 1 0 oO 0 7 
Homes for Aged... 17 659,380 3 0 5 5 1 2 1 0 2 
Orphanages ....... 28 =. 961,015 3 0 6 6 3 2 2 6 5 
Hospitals: ....5..... 104 3,267,747 19 10 17 29 10 4 4 il 24 
Insane Asylums.... 22 1,653,349 1 1 7 5 1 a 0 0 5 
Misc. Homes...... 3 80,750 0 0 1 2 0 0 0 0 






ena ot: 184 $6,913,984 


Only a very few of the buildings in which these fires occurred were 
equipped with automatic sprinklers. The performance of sprinklers was uni- 
formly good, however, controlling the fire in all instances. 

The small number of sprinklered fires is primarily due to the fact that a 
relatively small proportion of institutions have been equipped with automatic 
sprinklers. Also, where sprinklers are installed, such fires as occur are often 
controlled with the opening of one or two sprinklers and a negligible loss, and 
so are not reported. Partial sprinkler installations protecting basements, lab- 
oratories, kitchens and other hazardous portions are frequently found in 
institution properties; this accounts for the relatively large number of fires 
where the sprinklers were not a factor. 

























Effect of Sprinklers. 


Homes for Insane 
Ag Hospitals Asylums Total 
Extinguiahied Gres... ic cies ccecces — 11 — 11 
Ohh BGS TA CROCK 6 5.b ois 6 oo cckees _- 3 1 4 


Failed to extinguish fire.......... — — 
IGE DS MRO... a cceescaccus eee 


*By “Not a factor” is meant fires in sprinklered buildings where the fire was extin- 
guished before it was large enough to open the sprinklers, or where the fire occurred in an 
unsprinklered portion of the building. 
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Summary of Sprinkler Efficiency. 


No. Fires % 
Practically or entirely extinguished fire............... 11 735 
I ET ia. ont wien dias Ket edema sue neon dss 4 26.5 
Total where performance was satisfactory........ 15 100.0 
SII 5 9 fi ise ee ts vies Ske wesw aw Nba eiele ears Mars —_ — 
MN RE ete alerts veo uiarn Ono wae Mareen a prRO NTS eae ataih 15 100.0 
Part of Institution Where Fire Originated. 
Number of Fires. 
Homes for Misc. Orphan- Insane 
Location Total Almshouses Aged Homes ages Hospitals Asylums 
Outside of Building 
MN inc esas Sue eee hes 20 1 2 a 13 1 
OutPGiNngs 62.6.6 e ceca ce 3 3 — — — — — 
Service Bldg. or Room 
NE Foe ce cb sete ee 099% 14 1 1 — 3 8 1 
III oi ooo. asa ie 6 56r0 10 _ 1 a 1 8 — 
err Cece -- 4 1 7 3 1 
NN iso 5 2 ioe wrens, 0 bein 3 _- 1 -- 1 -—— 1 
RE es ian ee cies 9 — 1 — -- 6 2 
Laundry chute............ 4 - = — 1 3 - 
Power and heater room.... 8 aa 1 — — 7 a= 
PEs oso s westces 1 — — — — 1 -- 
ae | 3 —_— — — -— 3 — 
SOMONE oc 5 ck a -ccwiee 1 — — — — 1 — 
Transformer vault......... 1 - - — -- 1 — 
MUONS os ones eineiccs ies 2 — — 1 — = 1 
Service® Roem, .........4... 1 — — — -- -- 1 
Patients’ Quarters 
Smoking room............. 1 — 1 -- — — _ 
Pats TOOMS. 666.266 ss. 3 _ a= 1 = 2 — 
Ward or dormitory........ 16 -- — — 2 6 8 
Misc.—bathroom, etc....... 11 —_ 1 — 4 5 1 
Operating Quarters 
BIE a3 585650 0 SN iw ves 2 = — — — 2 -- 
Film storage—X-ray room.. 10 = — _- —_ 10 — 
Operating room............ 1 _ — — _- 1 —_— 
Sterilizing room............ 1 _ — — ~- 1 _ 
Nurses or Employees Quarters 8 — oe -- _ 8 _— 
Miscellaneous 
Attic or roof spaces........ 17 3 1 -- 3 7 3 
Moving picture booth...... 1 == — _ — 1 -- 
RNR ols xeG She ees es 1 — — — —_ 1 — 
Office or reception room.... 3 — — — 2 1 
Not stated or known......... 13 2 3 -= 3 4 1 
PE pugs Sa Na cao 184 10 17 3 28 104 22 





—— es 
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General Location of Origin of Fire. 


Homes fer Misc. Orphan- Insane 
Almshouse Aged Homes’ ages Hospitals Asylums Total 


Outside of building.............. 4 2 — 3 13 2 24 
SERGIEE -FOOMIBS 6.66 ccrv-e's i'n’ 0054's 1 9 2 13 41 7 73 
Patients’ or inmates’ quarters.... — 2 1 6 13 8 30 
Operating departments.......... o — oe - 14 — 14 
Nurses or employees quarters.... — a — —_ 8 — 8 
Miscellaneous known portions.... 3 os 3 11 a 22 
MIRON fos Sees at ice caaen eres -- 3 4 1 13 

10 17 3 28 104 22 184 


The second table shows more clearly than the first the hazardous portions 
of the buildings. The service sections, including basements, kitchens and 
storerooms, stand out as the most frequent source of the fires. These have 
been known to be the most hazardous portion of such buildings. Member 
H. W. Forster, in his article on Fire Protection for Hospitals, Asylums and 
Similar Institutions (Quarterly, Vol. 13, No. 4, page 315) in discussing sprin- 
kler protection, points out that even partial installations of automatic sprin- 
klers, particularly for basements and other hazardous locations, would in many 
cases be helpful when funds are not available to sprinkler the whole building. 

Roof fires are second in importance. This is due to the use of wooden 
shingle roofings, which is quite common on rural institutions and small frame 
buildings of private hospitals and asylums. 

It would be interesting in the case of institution fires to know just how 
much a factor a fire drill might have been in getting people out of the build- 
ing, or how frequently lack of it was a direct cause of fatalities. The reports 
in this record, however, do not show these facts except in a few cases. The 
following brief summaries do show, as far as data could be taken from the 
reports, how the exit was made in some cases. 


Institution Fires Showing the Value of Drills. 


Bate St. PAUL, CHARLEvorx, P. Q., May 11, 1923. Fire which destroyed 
the north wing of the St. Ann Hospital for the Insane, involving a loss of 
$150,000, was discovered by one of the inmates at 2 o’clock in the morning. 
Drilled like soldiers and offering no trouble, the 250 male patients were 
marched downstairs to the first floor and rigged out in clothing which would 
keep them from suffering from the effects of the cool night. Immediately after- 
wards they were conducted to the outside and then into other sections of the 
hospital unaffected by the fire. Although the patients were all mental defec- 
tives ranging in age from three years to seventy-five, not a single casualty 
occurred and the sisters attributed this as much to the fine behavior of the 
majority of the patients as to their own heroic efforts. In the absence of fire 
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escapes, the utmost care had to be exercised to see that everyone was out of 
the building by ordinary passageways, and in this work of rousing the sleepers 
some of the volunteer fire fighters endangered their lives. (H-19566.) 

Mon TreEAL, P. Q., DECEMBER 27, 1924. Sparks from a blaze not fully 
extinguished two hours previous were blown up the laundry chute of the Deaf 
and Dumb Institute and started a fire on the roof which menaced the institu- 
tion. Sixty pupils of the institution carried out the fire drill taught them and 
marched in safety to another part of the building. There was no panic. The 
children formed in groups, as they had been carefully taught to do in time of 
danger, and marched to the ground floor of the building. The fire was not 
sufficiently serious to make it necessary for them to go outside. (H-21574.) 

Ottawa, ONT., DECEMBER 22, 1925. A fire believed to have been caused 
by the explosion of disinfecting fluids stored in a locker broke out in the 
Protestant Orphans’ Home. Fifty-three children between the ages of three and 
eleven marched out of the blazing building in perfect order without a single 
child being injured. Splendid discipline was displayed by the youngsters 
throughout the excitement. (H-23144.) 

BINGHAMTON, N. Y., JANUARY 27, 1927. Fire started in the attic of the 
Susquehanna Valley Home for Boys early in the evening. Fourteen boys 
occupied a dormitory on the third floor directly under where the fire broke 
out, and about 31 occupied a dormitory on the second floor. Some of the 
younger lads were preparing for bed when the fire was discovered, while others 
were on the main floor. At least once a week a fire drill is held at the institu- 
tion, and so well drilled were the boys that they were able to get out to safety 
without a moment’s delay and without the slightest injury to any one of them. 
The boys were sent down the spiral fire escape chute to the ground and from 
there were taken to other buildings. Repeated fire drills in which: the spiral 
chute had been used plainly revealed the results of those drills. Not a 
youngster became excited as they dropped one after the other into the chute 
from the second and third floors to be helped to their feet as they reached the 
bottom of the chute. (H-22786.) 

Worcester, Mass., DECEMBER 28, 1927. A short circuit in a wire of the 
electrical decorations on a Christmas tree was responsible for a blaze which 
drove out 900 of the 2,200 patients of the Worcester State Insane Hospital. 
The efficiency of the fire drill managed by the doctors and attendants was 
considered remarkable. Two minutes after the alarm had sounded and while 
the excitement was intense the 900 patients were marched to points of safety. 
The calmness and reassurance of the doctors and attendants worked such a 
magic on the patients in the east wing that the patients in other wings of the 
building were not even aware of the fire. (H-25380.) 
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Fires in Institutions with Automatic Sprinkler Protection. 


Rome, N. Y., SEPTEMBER 15, 1917. Fire occurred about 3 A.M. in a 
private room of the Rome Infirmary on the fourth floor of the building. The 
fire was caused by a lace curtain being blown against an open gas jet. The fire 
was confined to the room of origin and was entirely extinguished by one of 
two sprinklers located in the room. The loss from fire was very small, but the 
water went through all floors to the basement and did considerable damage, 
due to the fact that there was no one in the building with any knowledge of 
the sprinkler system and valves, and some little time was lost before the water 
could be shut off. (S-22210.) 

West Haven, Conn., DECEMBER 20, 1918. Floor wax was being heated 
in an open pan of water on a gas range and boiled over. The gas flame ignited 
the wax. One sprinkler head almost directly over the range opened and 
although a chemical extinguisher was brought into play the sprinkler extin- 
guished the fire. The paint on the walls and ceiling was slightly damaged. 
(S-24454.) 

NortH DartMouTtH, Mass., JUNE 4, 1920. Fire occurred at 4 A.M. in 
the laundry of a private hospital, due apparently to a short circuit on an 
electrically heated mangle. It was the custom of the head nurse to visit the 
room after it closed down for the day, but the night “watchman” (who was a 
woman) did not visit this room, as it would require her to go into the yard in 
the dark and around to the side of the building, where the only entrance is 
located. The smoke from the fire and the noise of the one sprinkler operating 
awoke a nurse sleeping on the second floor over the laundry and she turned in 
the alarm. The fire was confined to the mangle—the cloth covered roller being 
burned. The sprinkler entirely extinguished the fire. (S-29115.) 

BINGHAMTON, N. Y., FeBRuARY 4, 1927. A graduate nurse set a one- 
quart bottle of rubbing alcohol inside a small agate basin and placed the basin 
over the lighted burner of a small gas stove in order to warm the alcohol. The 
stove was located in a small diet kitchen in the basement. She left the room 
and shortly after the alarm gong attached to the dry valve sounded. One 
sprinkler in the room was found operating and the fire entirely out. The glass 
bottle was shattered and no alcohol was found in the basin. There was prac- 
tically no loss. (S-44634.) 

BANGcor, MAINE, DECEMBER 23, 1926. A nurse was using an electric iron 
in a room over the kitchen for her personal clothing after hours and carelessly 
left the current on. The ironing board and cloth ignited, but the sprinkler 
operated and completely extinguished the fire. 

Worcester, Mass., FEBRUARY 23, 1927. Fire started in the basement of 
the administration building in the room containing the X-ray machine gene- 
rator. The apparatus was enclosed in a wooden case near the wall. Wires 
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leading to the machine ran along the floor back of the machine and it is sup- 
posed that fire was caused by short circuit in these wires. There were four 
sprinklers in the room, one of which opened and practically extinguished the 
fire. (S-44272.) 


X-Ray Film Fires in Institutions. 

Nitrocellulose X-ray film in hospitals or where the sick and infirm are 
cared for constitutes a very serious hazard, as the following fires indicate. 
Where film is mentioned in these fires the nitrocellulose variety is refererd to. 
Safety film, of cellulose acetate stock, is now available and photographically is 
the equal of the nitrate film. The acetate film has no greater hazard than a 
similar quantity of ordinary paper. 

However, the nitrocellulose film does exist and constitutes a severe 
hazard unless properly stored. Compliance with the Regulations on this sub- 
ject prepared by the N.F.P.A. Committee on Hazardous Chemicals and Explo- 
sives will do much towards eliminating this particular danger to the sick 
and helpless. 


Boston, Mass., Aprit 25, 1923. This fire occurred in the X-ray film 
storage room in the basement of a hospital. The cause of the fire is said to 
have been an ordinary electric light bulb which accidentally came in contact 
with some of the film. Fortunately the basement was provided with automatic 


sprinkler protection. One sprinkler head opened and promptly extinguished 
the fire, which otherwise would have endangered the many patients on the floor 
above. This fire emphasized the hazard incidental to film storage and the value 
of automatic sprinklers. (S-35299.) 


Syracuse, N. Y., SEPTEMBER 17, 1923. Fire occurred in a hospital, start- 
ing in the film storage closet in the X-ray room. The X-ray department was 
located on the first floor, occupying two rooms, with closets and an old bath- 
room space separating the rooms, and a similar room across the hall used for 
film developing. 

The exposed completed negatives, some 12,000, were stored on 12-inch 
wooden shelves in the closet and on similar shelves in an adjoining recess with- 
out a door, and on three open racks in the operating room itself. 

Fire was discovered by a nurse, who notified the doctor in the adjoining 
room. He immediately came in, opened the closet door, saw the fire burning 
along the edge of the lowest shelf, obtained a 24-gallon soda-acid extinguisher 
and played it on the flames, but without effect, as in about one minute an 
explosion occurred which threw him about 15 ft. across the room and set fire 
to the nurse’s clothing and hair. 

This was extinguished by the doctor, who then immediately shut the door 
to the operating room and turned in a fire alarm. The firemen controlled the 
fire itself within a short time. Prior to this, however, a second explosion 
occurred, blowing out the windows in the rooms above the X-ray department 
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and bulging the partition to the storage’ closet in the X-ray department about 
a foot and a half. This was caused by the gas going in through the ventilators 
and blind space and down into the hollow partitions and up through to the 
second floor, and igniting when it obtained the proper mixture. 

No definite cause can be ascribed, but it was probably due to decomposi- 
tion on account of heat. There was no wiring of any kind in the closet. Two 
asbestos covered steam pipes passed through it, but there was no sign of char- 
ring at the floor passage, and the pipes were not within one foot of any nega- 
tives. The closet, however, was quite hot from the steam pipes passing through. 

The negatives themselves were in cardboard boxes, in which raw film was 
received, and were tightly packed on each shelf like books in a bookcase. The 
doctor’s nurse had been filing negatives three-quarters of an hour before the 
fire and noticed nothing wrong at that time. 

The damage to the building was mainly limited to inside trim, fixtures 
and decorations, and the bulge in the partition. The X-ray apparatus was 
practically a total loss. The films contained in the closet were practically 
destroyed. Those stored on the racks in the open operating room were appar- 
ently undamaged, the cardboard boxes being only slightly smoked. 

This fire clearly shows the hazard of the storage of X-ray films in quan- 
tity in buildings of this construction and occupancy without proper vaults, and 
the necessary steps will be taken to have it removed to outside storage, limit- 
ing the supply to that necessary for one day’s use. A fire-resistive vault with 
standard fire door and vent provided with automatic sprinkler head is being 
built in the X-ray room to house films in future. (H-19929.) 

BAKERSFIELD, CAL., SEPTEMBER, 1927. A fire in the main county hos- 
pital of Kern County, near Bakersfield, California, was caused by a careless 
cigarette smoker. An employee, while at work in the X-ray room, laid a 
cigarette on the edge of a desk or table. Immediately underneath the spot 
selected as a good place for caching the smouldering fag, was an open 
drawer filled with X-ray films. It is said that the employee is still a little hazy 
as to just what happened, but evidently the hot ashes or the cigarette butt 
itself dropped into the films, causing a flash fire. The heat was so intense and 
the fire burned so rapidly that damage of approximately $4,000 to the building 
and contents resulted before the flames could be extinguished. About $1200 
of this loss was on the building and $2800 on furniture and X-ray machinery. 
(H-25054.) 

CHELSEA, Mass., FEBRUARY 22, 1928. Fire was discovered in the Chelsea 
Memorial Hospital in the plate room of the X-ray department in the base- 
ment. The fire, brought quickly under control, caused much smoke, some 
invading the second and third floors. New born babies in the nursery on the 
second floor were moved by nurses to the nursery cottage a short distance 
away from the main building. Other nurses quieted the patients. Hospital 
authorities would make no comment. (H-25646.) 
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Fire Engineering. 

Memorial Hospital, Albany, N. Y. Eight or more lives were lost when X-ray 
film ignited on March 17, 1928, filling the building with noxious fumes and neces- 
sitating the use of ladders and life nets for the removal of patients. 


ALBANY, N. Y., Marcu 17, 1928. A fire occurred in a small room on the 
first floor of the Memorial Hospital used for the storage of films and X-ray 
equipment. In this room, on wooden shelves around both sides and above the 
entrance, were stored exposed films packed in ordinary cardboard boxes. 

The cause of the fire is undetermined, although a very thorough investi- 
gation has been made by several authorities. No one, according to the best 
information available, had visited the room within a half hour of the time of 
the discovery of the fire, and the last employee to visit the room declares 
emphatically that he was not smoking and that everything appeared to be in 
order when he left. 

Efforts were made by the employees to fight the fire, but they were unsuc- 
cessful, and fumes from the burning films forced their retreat. In leaving the 
fire the employees, in their haste and excitement, failed to close the doors 
between the corridor leading from the film room and the main hallway, in 
which are the open stairs leading directly to the upper floors. This allowed 
the smoke and fumes to permeate the building. 

By this time the nurses had removed the patients on the affected floors, 
by the fire escape on the south end of the building and by the elevator, which 
was kept in operation practically throughout the period of the fire. Several 
patients refused to be moved and in such cases the doors were kept closed 
and the windows opened, with the result that the effect from the gas was 
almost negligible. 
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Considerable excitement existed. Many patients were taken from the 
building by firemen by means of extension ladders, and two persons, a 
maternity patient on the fifth floor and a student nurse on the fourth floor, 
jumped into life nets below. Neither of them suffered any serious injury. 
The nurses in the Maternity Ward removed five infants and two mothers to 
safety by means of the fire escape. They endeavored to go back for the other 
mothers but were not permitted to do so..." ’ 

The press reported eight deaths between the night of the 17th and the 
19th. It has not been possible to find out definitely how many of these were 
due to the fumes. At least one was due'to exposure and heart attack resulting 
from shock, and it is said that three or four were directly due to the effect of 
the smoke and fumes from the burning films. 

Due to the fire-resistive character of the building, the fire itself was con- 
fined to the room of origin and all the damage was caused by the smoke and 
gas. Had the door been self-closing, had automatic sprinklers been provided, 
and had there been a proper vent to the outside of the building as provided 
by N.F.P.A. regulations, it is probable that the entire loss would have been 
confined to this room. 

Detroit, Micu., SEPTEMBER 14, 1928. In the basement of the Delray 
Industrial Hospital is a brick vault (8 x 7 x 74 ft.) used for the storage of 
X-ray film in individual paper envelopes on wooden shelves. An old brick flue 
extends from the vault to an opening in the outside wall near the second-story 
windows. The vault is equipped with two automatic sprinklers. 

A nurse, who visits the vault two or three times a week, on recent trips 
had noticed a distinct odor of camphor and had found the air inside so warm 
that she had to leave the door open a few minutes before entering. 

A half hour before noon on September 14, the fire marshal at the near-by 
Solvay Process Company was seated in the gate house, less than a quarter mile 
from the hospital. Looking out, he noticed thick, light-brownish fumes escap- 
ing from the vault vent. He shouted to others to sound an alarm, and raced to 
the scene. Men had already started to pull out hose and under his direction 
quickly had a stream in operation. City firemen coming from their station 
five hundred feet away soon had another line laid from a street hydrant. 

The fumes seemed to envelop the entire building. They also spread up an 
open basement stairway and penetrated most of the wards, which contained 
eighty patients in all. A second alarm brought more firemen, to aid in rescue 
work if the fire should get beyond control. The fumes caused discomfort to 
some patients, but they were moved to wards on the opposite side of the 
building, which were carefully ventilated by opening some of the windows, so 
that no further difficulty was experienced. 

Meanwhile the firemen were playing two hose streams against the outside 
of the vault without apparent effect. Then one of the men, wearing a gas 
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Factory Mutual Record. 

X-Ray Film Fire, Delray Industrial Hospital, Detroit, Michigan. The photo- 
graph shows entrance to the basement and the vent from the film vault. The dia- 
gram, superimposed on the photograph, shows the location of the vault, and the 
shading the area of the fire. 


mask, smashed the lock on the vault door, and threw the door open, noticing 
at the same time that the two sprinklers inside were discharging water at good 
pressure. The two streams were then directed inside the vault and soon extin- 
guished the fire. 

An unusual condition was the cause of the fire. The hospital is supplied 
with steam through an underground pipe from the Solvay Process Company. 
This pipe passes near the building wall. Opposite the vault it had rusted 
through, and the escaping steam had dug a channel extending to the corner of 
the vault where the fire started. Continued heating of the wall soon raised the 
temperature inside sufficiently to drive off the camphor in the pyroxylin, thus 
starting slow decomposition. The heat and odor of camphor had led to an 
investigation and repairs had been made to other sections of the steam pipe, 
but the serious leak had not been found. 

Once started, the decomposition gave off heat, which further increased the 
decomposition, giving off characteristic brownish-white fumes and finally 
reached the ignition point of the gases. 

After the fire the contents of the vault were immediately taken outdoors. 
Only about fifteen per cent of the films were found charred. The remainder 
were somewhat scratched in handling. Films and pyroxylin plastic in general, 
once heated or charred, are rendered chemically unstable and liable to spon- 
taneous ignition, and their prompt removal in this case was a wise precaution. 

Supplies stored in the basement were wet down and windows and doors 
were broken. The loss was more than $3,200. 
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Fires Involving Inadequate Fire Protection. 


Almshouses. 

City Farm, Houston, Texas, August 3, 1919. Coal oil lamps only means of lighting. 
Fire broke out at 10:34 p.m. in roof space. No fire protection, and fire department could not 
reach fire due to bad roads. 

Ibaco County Infirmary, Tawas City, Mich., April 30, 1920. Sparks from chimney 
ignited roof. Available fire protection consisted of water pails. 

City Almshouse, Moncton, N. B., July 11, 1920. Four 60-gallon chemical tanks were 
insufficient to cope with fire. No water supply other than two wells used for household 
purposes was available. 

Town Farm, Pepperell, Mass., March 30, 1926. Water supply inadequate. 

Washington County Asylum, Salem, Ind., June 21, 1926. Large fire extinguisher on 
premises, but water supply not available and fire department five miles away. 


Homes for Aged. 

St. Croix County Home, New Richmond, Wis., March 1, 1924. There was a water 
tank on the premises but the fire pump from the city was unable to connect with it due to 
different couplings. 

Orphanages. 

Buckner Orphans’ Home, Dallas, Texas, January 2, 1923. Fire apparatus from Dallas 
responded to this fire, which was six miles beyond city limits. No water available. Total 
loss, and two boys lost their lives. 

Sisters of Holy Cross, Fresno, Cal., March 28, 1925. No water supply. Building 
located six miles from city line. 


Ruins of Crescent Maternity Hospital, Muskogee, Oklahoma, after fire of 
July 19, 1919. The fire department responded promptly, but the fire had gained 
too much headway to permit effective use of chemicals; nearest hydrant was 
2000 ft. away. 
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Catholic Mission, Nez Perce Reservation, Lewiston, Idaho, October 4, 1925. Bucket 
brigade only fire protection. Six boys from five to fourteen years of age perished and 
building totally destroyed. 

Northern Tier Orphanage, Harrison Valley, Pa., January 7, 1927. Frame building on 
outskirts of small unprotected town with no fire equipment. One child, ill with measles, 
died from effects of fire and exposure. 


Hospitals. 

Harney County Hospital, Burns, Oregon, October 29, 1915. No fire protection other 
than a small gasoline driven pump used for supplying drinking water. 

County Infirmary, Iron Mountain, Mich., March 2, 1917. Total loss. No fire protection. 

Crescent Maternity Hospital, Muskogee, Okla., July 19, 1919. Located outside of city 
limits. Nearest hydrant 2,000 feet. Fire was discovered at 10:50 p.m. and fire department 
called, but fire had too much headway for use of chemicals, and without a pumper water 
was too far away. 

Physicians’ and Surgeons’ Hospital, Brownwood, Texas, December 18, 1921. Total loss. 
Water mains were too small to deliver sufficient water for pumper. 

Pinckney Sanitarium, Pinckney, Mich., April 11, 1924. Only fire protection consisted 
of chemicals and five 300-barrel reservoirs. 

Rocky Glen Sanitarium, McConnelsville, Ohio, October 23, 1924. Fire protection used 
consisted of water pails, wet blankets and three one-quart carbon tetrachloride extinguishers. 

South Mississippi Charity Hospital, Laurel, Miss., October 11, 1925. Building partially 
destroyed due to lack of water pressure. 

Highland View Hospital, Amherst, N. S., May 25, 1928. Owing to the altitude of the 
institution, situated at the highest point in the town, water pressure was too low to furnish 
effective streams. 

Insane Asylums. 

Wyoming State Hospital for Insane, Evanston, Wyo., September 11, 1917. No fire 
pump, fire extinguishers or other private protective devices. Water pressure inadequate due 
to buildings being about the same elevation as city reservoir. 

Benton County Infirmary, Oxford, Ind., May 9, 1919. No fire protection. Fire brought 
under control by bucket brigade. 

Manhattan State Hospital, Ward’s Island, New York, February 18, 1923. The fire 
fighting was hampered by the zero weather and the extreme difficulty in getting apparatus 
to the scene. The New York City force had to go to the fire without equipment, as there 
was only a small ferry, of insufficient capacity for fire apparatus, to the island. Fireboats 
had to run hose lines for nearly half a mile before water reached the fire. In spite of these 
handicaps the fire fighters succeeded in confining the fire to the two upper floors of the 
west wing. The island’s fire department consisted of a fire chief and ten attendants who 
were detailed for fire service although they also had other duties. The equipment consisted 
of a motorized fire engine, an ancient horse-drawn engine, a hose cart and a hook and 
ladder truck. 
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Washburn-Crosby Mill “A” Fire, Minneapolis. 


Report by General Inspection Bureau. 
(Member N.F.P.A.) 

Fire in Mill “A” of the Washburn-Crosby Company, Minneapolis, on 
September 16, 1928, resulted in a total loss to the section where the fire 
originated, and heavy damage to an adjoining section. Fumigation operations 
were under way in this flour mill at the time of the fire, making it impossible 
for firemen to enter the building. Automatic sprinklers, which were installed 
throughout the structure, retarded the spread of fire, but finally failed, pre- 
sumably because of obstructions to distribution. 


Construction and Occupancy. 

Mill “A” in which the fire occurred was one of a large group of buildings 
which together constituted seven individual mill units having a combined 
capacity of 17,900 barrels of flour per twenty-four hours. Mill “A,” which is 
situated between the fire-resistive Utility Building on the west and fire- 
resistive Wheat House on the east (see diagram), was erected in 1879, but 
was in good repair at the time of the fire. The height was seven stories with 
a cupola, and the ground area 25,900 square feet. The walls were stone, 42 
inches thick on the ground floor and 18 inches thick at the top story. A brick 
interior wall divided the building into two sections. Openings in this wall were 
protected by tin-clad fire doors; openings into the adjoining buildings on the 
east and west were similarly protected. Floors were ordinary wooden joisted 
construction with wooden columns. Ceilings were open joist except in office 
sections, where they were plastered. 

There were a number of floor openings, including two open stairs, an 
elevator and a number of elevator legs, spouts and chutes, etc. 

The north portion of the first floor of the south section of Mill ‘“‘A” was 
open for railroad trackage purposes. 

The occupancy of the two sections was as follows: 

SoutH SeEcTIon. 1st floor: shafting, railway tracks. 2nd floor: grinding rolls, buhr 
stands and pipe shop. 3rd floor: packing, shipping, car tracks, packers, barrel storage. 
4th floor: reels, packers and bleacher. 5th floor: grinding rolls, purifying reels. 6th floor: 
purifying reels, bran dusters, dust collectors, scourers, separators. Roof house: dust col- 
lectors, elevator heads, separators, purifying reels, wheat steamer, bran dusters, scourers, 
metal cyclone, bleacher. 

NortH Section. Storage of flour and feed in bags and unused machinery, except a 
portion of the 1st floor used for office and engine room, and a small portion of the 2nd and 


3rd floors used for office purposes. 
Protection. 


Mill “A” was provided with sprinkler protection throughout, the piping 
having been installed by the plant force in 1900, but had been overhauled 
from time to time so that the equipment was at least equivalent to standard. 
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Washburn-Crosby Co. Diagram of section involved in fire of Sept. 16, 1928. 


The spacing of heads and pipe sizes was better than standard. The south 
section of Mill “A” was protected by two wet systems and one dry pipe 
system, the dry pipe system taking care of one small portion of the first floor. 
The north section was protected by one wet pipe system in the south section. 
In the south section there were 320 heads per floor or a total of 2,400 heads. 
In the north section there was a total of approximately 1,050 heads. There 
was a good water supply, consisting of a primary supply from fire pumps and a 
secondary supply from city mains and gravity tanks. The available evidence 
indicated good water supply at ample pressure during the period of the fire. 

The usual hand hose and other first aid equipment, watchman’s service, 
etc., was provided, but was not available at the time owing to the closing of 
the building for fumigation purposes. 


The Fumigation. 
The mill was undergoing fumigation and this work was being carried on 
over week ends. Fumigation of the first two units had been started the morn- 
ing of September 9th and had been carried on without any mishap. 
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“A” Mill was shut down Saturday morning, September 15th, at 7:30 to 
prepare for the fumigation process in this unit. At 12:30 p.m. a patrol of 
eleven watchmen and a master watchman were stationed at designated points 
surrounding the buildings to be fumigated to prevent anyone from entering. 
This patrol worked until 3:30 p.m. and was followed by a second patrol of 
twelve men which worked an eight-hour shift, which was in turn replaced by 
another patrol of the same number of men at 11:30 p.m. All of these patrols 
had been instructed to immediately report any unusual happenings. At 
1:00 p.m. all employees were ordered to leave the building. The plant fire 
marshal and his assistants then went through the building to make sure con- 
ditions were safe, and he states that apparently everything was in order. 

At 3:30 p.m. the final warning to vacate all units to be fumigated was 
given and fumigating engineers entered and spread calcium cyanide in powder 
form on all floors of the ‘““A” Wheat House, on all floors of north or warehouse 
section of Mill “A,” the top floors of ‘“‘C” Mill, and the Wheat House in “C” 
Mill. Fumigating engineers completed this portion of the work at 5:30 p.m. 
and after that time it is stated that no one entered any of these buildings. 

The superintendent states that electric current and steam were shut off 
a 6:25 p.m. from all buildings being fumigated except ““A” Wheat House. 

At 7:00 p.m. liquid hydrocyanic acid was pumped into the south or mill 
section of “A” Mill, into “B” Mill, the balance of “C” Mill and all of “F” 


Mill from the outside through pipe lines previously installed in these buildings 
for this purpose. The entire process of introducing the fumigating materials in 
all buildings mentioned was completed at approximately 11:30 the night of 
September 15th. 


Story of the Fire. 

The first indication of trouble occurred at 12:08 on the morning of 
September 16th, when a water flow alarm was received at the local central 
station from system No. 14 located in the east side of the south section of 
“A” Mill. At this time the automatic steam pump started and showed a pres- 
sure of 100 pounds. It is said a pressure of between 90 and 100 pounds was 
maintained thereafter. The plant fire marshal immediately started an investi- 
gation, which could only be made from the outside of the building due to 
fumigation, the gases at this time being of a very deadly nature. He and his 
assistants were unable to locate any signs of smoke or fire, but the plant fire 
marshal called fire department headquarters and requested they send appa- 
ratus equipped with searchlights. The department answered promptly, and 
began an outside tour of the building, flashing their searchlights on the win- 
dows and building to see if they could detect fire or smoke. Although no 
absolute evidences of fire or smoke could be discovered, the fire department 
captain and plant fire marshal could see water coming through the ceiling of 
the train shed and dropping on the railroad tracks below. A few minutes later 
the captain believed he smelled smoke, and as an additional precaution called 
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Ruins of Mill “A,” looking from roof of Utility Building. 
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fire department headquarters and requested additional apparatus be sent to be 
in readiness on the ground. Upon returning from the telephone he noticed a 
small flame at the bottom of a hopper inside the train shed at about the center 
of the building where water was first seen running. 

A line from a near-by hydrant was brought into play on this flame from 
the outer edge of the train shed. Entrance to the shed was not possible because 
of the danger of concentration of fumigating gas in the train shed. This stream 
proved ineffective, due to the fact that firemen could not get into the train shed 
to direct stream up in the hopper. At this time additional apparatus arrived. 
The sprinkler equipment was in operation and, with the possibility of extin- 
guishing the fire or of the fire burning itself out, officers hesitated to vent the 
building, thereby endangering lives with the gas and creating a draft which 
would aid in the spread of the fire. 

At 1:21 a.m. a water flow alarm was received at the local central station 
from system No. 13 in the west side of the south section of “A” Mill. At 
1:30 A.M. a water flow alarm was received in the local central station from 
system No. 12 in the north section of “A” Mill. 

After the second valve tripped, one of the electric pumps was put in 
service, and after the third valve tripped a second electric pump was to have 
been started, but when the plant fire marshal arrived at the pump house it 
was found the current was off, due to circuit breakers having tripped out. 
There apparently was no other reason for the current being off, as the follow- 
ing day the circuit breakers were reset and the pumps operated without any 
trouble. It is to be noted here that while the pumps were accessible, the circuit 
breakers in the line furnishing current for the pumps were located in the 
switchboard vault of the Humboldt Mill, and while no fumigating was being 
done in this room, gases had worked in and it was impossible for anyone to 
enter and reset the circuit breaker that night. The failure of the current did not 
materially affect the water supplies, due to the fact that several hose lines 
from the fire department pumpers were connected to the fire department con- 
nections supplying the sprinkler equipment. 

The flames and smoke were now plainly noticeable in the northeast corner 
of the south section of the building, and at 1:39 the battalion chief called for 
more apparatus. The assistant chief responded to this call and at 2:17 a.m. 
sent in a 3-11 alarm, which brought eight engine companies, four truck com- 
panies and two battalion chiefs. Special calls for apparatus brought ten addi- 
tional engine companies and two truck companies. 

Due to the fact that the burning building as well as adjoining buildings 
were heavily charged with hydrocyanic acid gas, it was impossible for firemen 
to stay in close proximity to any of the buildings, and as a consequence the 
only way of playing streams into the burning building was through windows 
which could be broken by streams, until such time as the roof fell in. By this 








346 WASHBURN-CROSBY MILL “A” FIRE, MINNEAPOLIS. 





Looking south from roof of north section of Mill “A.” 


time the fire had gained such headway that little or no good was accomplished 
in the south section of the building except to cool the fire and prevent it from 
spreading to adjoining buildings. The floors in the south section were rapidly 
weakened by the fire, and, unable to withstand the weight of the machinery 
resting on them, fell to the bottom. The fire in the north or warehouse section 
was confined to the cupola and roof. 

Fire was practically under control by 5:30 A.M. September 16th, but 
rekindled at different times during the day, in spite of the fact that the equip- 
ment and firemen were still on hand. 

It was not until about 3:00 p.m., September 16th, that the fumigating 
engineers could enter the adjoining buildings and vent them in such a manner 
that the firemen were able to bring their lines through these buildings and play 
on the fire from these advantageous points. 

At 10:31 the same night a water flow alarm was received in the local 
central station from system No. 15 in the “A” Wheat House, which adjoins 
‘A’ Mill on the east. Upon investigation it was found heat had communicated 
through a belt opening in the wall and fused two heads, one on the fourth 
floor and one on the sixth floor. 

The ruins were still smouldering on September 18th and firemen were 
being maintained on duty, although the fire was practically extinguished. 

The origin or cause of the fire has not been determined. 


Damage. 

Practically the entire south section and all its contents were destroyed. 
The roof and the cupola of the north section of the building were badly burned 
and will have to be replaced. The contents of this section were heavily dam- 
aged by water. A water loss can also be expected in the Wheat House of “A” 
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Mill and the Utility Building, but no fire damage whatsoever resulted in 
either of these buildings. 
Conclusions. 

It is evident that fumigation operations should not be conducted on such a 
large scale. Gas masks of a type which will permit persons to enter a building 
under a maximum concentration of gas in the event of any trouble should be 
provided. If such type of mask had been available firemen could have entered 
the building following first alarm and this fire would have been easily 
extinguished. 

It is evident this was a slow smouldering fire at the start, being held in 
check by the sprinkler equipment, which is borne out by the fact that one hour 
and thirteen minutes elapsed between the tripping of the two systems which 
were in the same floor area. While the sprinkler equipment did not extinguish 
the fire in the south section of the mill, it is evident that it prevented the spread 
of the fire to adjoining buildings and to the major portions of the north section. 
It is assumed that the distribution of water was obstructed by spouts, bins, 
etc., and that the fire either originated in or spread to these locations where 
water from the sprinklers could not reach, gradually working up through the 
building, gaining headway until the floors gave way and destroyed any further 
effectiveness of the sprinkler system. 

Considering the handicap under which it operated, the fire department 
did all that could be expected. 


A Good Servant But A Bad Master. 


Providence Journal, 
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McDonough School Fire, Baltimore County, Md. 


By William C. Todd (Member N.F.P.A.), 
Underwriters’ Association of the Middle Department. 

One hundred and seventy-five students were roused from their sleep by a 
fifteen-year-old bugler and made their way to safety, when fire destroyed the 
main building of the McDonough School, near Pikesville, Baltimore County, 
Md., on October 24, 1928, resulting in a fire loss of approximately $251,589. 
Four persons, including two firemen, were injured. One student was burned on 
the arms and an instructor fell and sprained his ankle. 

The fire was the second at the institution in one week. It was the third 
since Christmas of 1926, when a blaze in the linen room was extinguished by 
four students. The fire immediately previous was discovered Monday, October 
22, 1928, but authorities were unable to determine if there was any connection 
between the two fires. 

Two negro employees discovered the fire in the linen room at 3:20 A.M. 
They immediately notified the principal of the school and fought the blaze 
with a small garden hose and fire extinguishers. The fire became so intense 
that the men had to leave the cellar, and took their stand on a stairway with 
a garden hose in an attempt to prevent the blaze from spreading up the steps. 
They were driven off by the heat. The Pikesville fire department was imme- 
diately notified, and as soon as they arrived they sent in a call for more 
engines and for volunteers from the surrounding county. 

The firemen were handicapped by lack of water. The school had two fire 
hydrants on the grounds supplied by a 13,000-gallon tank located inside the 
building. Students and instructors had been using streams supplied from this 
source since the discovery of the blaze and there was not sufficient supply to 
serve the engines for any length of time. 

When additional county fire apparatus arrived the hose of six companies 
was used to bring water from Gwynn Falls Run. Five engines were used in 
relays to boost the pressure for this one stream. Realizing that this supply 
was not sufficient, the chief of the Baltimore County fire department sent in a 
call for additional engine companies. 

Practically all of the available fire apparatus in Baltimore County was 
mustered to fight the blaze. Calls were sent to Baltimore for aid, a distance of 
about six miles, and the chief engineer of the Baltimore city department sent 
five engine companies, a truck company, and a chemical wagon to assist the 
county department. 

After considerable delay the firemen managed to get another line of hose 
laid from Gwynn Falls Run and, with two streams, efforts were made to pre- 
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Fire in McDonough School, showing extent of fire after spread of flames 
throughout building by means of vertical openings. 


vent the flames from reaching the main or front part of the building, which 


was constructed in the form of the letter T. 

By this time the fire, which started in the linen room, had spread through 
the basement, and the firemen, working in intense heat, were apparently 
getting it under control by stuffing all vertical openings with blankets to shut 
off the draught. However, when the additional fire companies arrived smoke 
was so intense in the basement that the blankets in the openings were removed. 
This proved disastrous, for immediately the flames made their way up an 
elevator and clothing chute that runs through the building and ignited 
the roof. 

The blaze was so hot that the glass in the windows was melted. The 
school bell tower and several other towers on the roof of the structure col- 
lapsed, and the firemen had to retreat to escape being caught under bricks and 
blazing timbers. Telephone communication of the school was destroyed, but 
the telephone company sent an emergency squad which installed three lines, 
over which the school authorities called the parents of the students to assure 
them that their sons were safe. 

The gymnasium, about seventy feet in the rear of the main building, was 
saved by a shifting of the wind. But this shift of wind for a time threatened 
the infirmary, a large frame building. This was saved by a volunteer fire 
company, which-put out blazing embers carried from the main building. There 
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Fire in McDonough School near Pikesville, Maryland. The hose of six com- 
panies was used to bring water for one stream from a small river, and five 
engines were used in relays to bcost the pressure. 


were no patients in the infirmary at the time. The boiler room in the rear of 
the main building was saved by the combined efforts of the city and 
county firemen. 

The most noticeable fact brought out by this fire is the lack of adequate 
fire protection facilities and water supply, so true of rural private schools and 
small colleges located at some distance from a protected village or town. A 
fire alarm box in the building, equipped with auxiliary stations which could 
have been sounded immediately on discovery of the fire, would have facilitated 
the response of the county fire department and might have prevented the 
spread of the fire beyond its point of origin. 
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Fires in Which There Was a Loss of Life. 


These notes are intended to point out typical conditions 
under which loss of life has occurred that they 
may be known and guarded against. 
Automobile Accident. 


H-26396. Rep Winc, Minn., Aucust 20, 1928. Four men were burned 
to death and six other persons were injured when a large motor coach, carrying 
eleven passengers between Chicago and the Twin Cities, skidded at a curve of 
the slippery highway and crashed into a truck. The bus careened to the side 
of the road, where it partially tipped over on its side and burst into flames. 
Four men could not be released from their seats and they were burned to 
death. Others escaped through broken windows by their own efforts or were 
rescued by fellow passengers. 

Ashes from Stove Ignited Clothing. 

L-342. CHICOPEE, Mass., DECEMBER 24, 1928. An elderly woman died 
in a hospital from burns she received when her clothing ignited while she was 
removing ashes from a kitchen stove. Her screams attracted two girls residing 
with her. They attempted to tear off the burning clothing, but became 
frightened and ran from the house. A neighbor tried vainly to extinguish the 
flames. Nothing could be done to save the woman’s life. 


Children Left Alone in House. 
L-335. FREEHOLD, N. J., DECEMBER 8, 1928. Fearing that her two chil- 


dren might tamper with the radio while she was making a morning call, the 

mother locked them in the kitchen and opened the draft of the stove in order 

that they might be kept warm. The mailman discovered the house on fire and 

gave the alarm. When the firemen reached the children both were dead. The 

oldest boy, four years old, had tried to escape, but the two year old child was 

dead in his chair. The range is believed to have overheated and caused the fire. 
Children and Matches. 

L-352. Hotyoxer, Mass., NovEMBER 25, 1928. Hearing shouts from her 
three-year-old son, the mother, who had left her children alone upstairs, 
rushed up from the cellar and snatched her two-month-old daughter from a 
burning baby carriage which had been set on fire by the boy, who was playing 
with matches. The infant died from its burns. 

Night Club Fire. 

H-26958. New York, N. Y., DECEMBER 16, 1928. Four men lost their 
lives and several others were seriously burned and half a dozen more escaped 
with slight injuries when a fire swept the second floor of a social club in the 
Bronx shortly before daybreak. The proprietor of the club made three trips 
back into the burning clubrooms to assist patrons to the fire escape, but was 
trapped when he made a fourth trip for his money. Another man was suffo- 
cated and then burned to death when he went in to rescue the proprietor. It is 
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said that a lighted cigarette set fire to Christmas decorations in the rear room. 
A mad panic followed the discovery of the fire. Two other men died of burns, 
making a total of four. 

Fire Fighting. 

H-26866. CampEN, N. J., NovEMBER 8, 1928. One fireman was killed 
and twenty-five others were injured or overcome when escaping gas from a 
leaky main exploded and set fire to an automobile body plant. The man killed 
was a fireman attached to the plant. His body was discovered in a coal pit 
by a fireman who was lowered by a rope into the flame filled cellar in an 
effort to rescue him. The firemen were fighting a fire on the second floor when 
the explosion occurred. 

L-333. BRockToN, Mass., DECEMBER 9, 1928. Two wires which had 
crossed and started a small fire on the outside of his house caused the death of 
a man when he tried to pull the wires apart in an effort to extinguish the blaze. 
He was electrocuted. 


Fire from Fireplace. 
L-355. DANVILLE, VA., DECEMBER 10, 1928. A man sixty-five years old 


was burned alive at his home when flames from the fireplace apparently 
ignited his clothing. Suffering from a chill, he garbed himself heavily and drew 
close to the fire, sending his child on an errand. When the child returned the 
father was lying on the floor dead with his clothing burned off. 


Gasoline and Kerosene. 
L-349. FREDERICK, Mp., DECEMBER 17, 1928. A woman was fatally 


burned and her husband suffered severe burns when kerosene was poured on a 
low wood fire to stimulate it. The stove apparently exploded and the woman’s 
dress, sprayed with oil, became a mass of flames. 

L-339. ANcHor, N. Mex., NovEMBER 21, 1928. A fourteen-year-old 
girl received fatal burns when by mistake she used gasoline for kerosene in 
kindling a fire. She died ten days following the accident. 

Hotel Fires. 

H-26988. Akron, On10, DECEMBER 25, 1928. Six guests lost their 
lives and seven others were injured when fire swept the basement of a hotel on 
Christmas morning. The victims, along with eighty other persons who were in 
the building when the flames broke through the basement, were trapped in 
rooms and corridors of the hotel. Smoke rose up a clothes chute from the 
basement and filled the structure. All but one of the victims had rooms on 
the third and top floors of the four-story brick building. The guests on the 
lower floors escaped through the smoke. The fire started by spontaneous 
ignition. 

H-26971. Hazarp, Ky., DECEMBER 15, 1928. Five lives were lost when 
fire destroyed a five-story brick hotel. The fire started on the ground floor and 
swept up a wooden stairway and quickly enveloped the building. The persons 
who lost their lives were trapped on the top floor. 





